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PREFACE

The study reported herein was authorized as a part of the Civil Works Re-

search and Development Program by the Office, Chief of Engineers (OCE), US Army.'.

This particular work unit, Erosion Control of Scour During Construction, is 0

part of the Improvement of Operations and Maintenance Techniques (IOMT) Pro-

gram. Mr. James L. Gottesman was the OCE Technical Monitor for the IOMT Pro- -.

gram during preparation and publication of this report.

This study was conducted during the period I January 1981 through

31 March 1982 by personnel of the Hydraulics Laboratory of the US Army Engi-

neer Waterways Experiment Station (WES) under the general supervision of

Messrs. H. B. Simmons, Chief of the Hydraulics Laboratory; F. A. Herrmann, Jr.,

Assistant Chief of the Hydraulics Laboratory; R. A. Sager, Chief of the Estu-

aries Division and IOMT Program Manager; Dr. R. W. Whalin and Mr. C. E. Chatham,

former and acting Chiefs of the Wave Dynamics Division, respectively; Mr. D. D.

Davidson, Chief of the Wave Research Branch; and Dr. J. R. Houston, Research

Hydraulic Engineer and Principal Investigator for the Erosion Conltrol of Scour

During Construction work unit. The Wave Dynamics Division was transferred to

the Coastal Engineering Research Center (CERC) of the WES on I July 1983 under

the direction of Dr. Whalin, Chief of the Coastal Engineering Research Center.

Computer programming for this study was performed by Ms. L. Chou, Mathemati- 0

cian. This report was prepared by Dr. Houston and Ms. Chou.

Commanders and Directors of WES during the conduct of this investigation

and the preparation and publication of this report were COL Nelson P. Conover,

CE, and COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown. .. p
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CONVERSION FACTORS, US CUSTOMARY TO METRIC (SI) O
UNITS OF MEASUREMENT

US customary units of measurement used in this report can be converted to

metric (SI) units as follows: 0

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

feet-feet per second 0.0929 metres-metres per second

feet per second per second 0.3048 metres per second per second

inches 25.5 millimetres

square feet 0.09290304 square metres
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EROSION CONTROL OF SCOUR DURING CONSTRUCTION

FINITE--A NUMERICAL MODEL FOR COMBINED
REFRACTION AND DIFFRACTION OF WAVES

PART I: INTRODUCTION

Statement of the Problem

1. It is frequently necessary to construct large engineering works of

improvement in the surf and nearshore z9 to protect harbor entrances, --ea-.

tional beaches, and navigation channelsr, These structures, usually built from

quarried rock or precast concrete, are placed in position by crane or barge. O

When these major structures are erected in the coastal zone they alter the ex-

isting currents. Shallow-water surface gravity waves breaking on the new

structure will cause bottom material to be suspended and transported from the

region by longshore or other currents that may exist.- This removal of material A
.3'

is often not compensated by an influx of additional material.-.aothe result

is a scour hole, or erosion, that usually develops along the toe of the

structure.

2. In order to ensure structural stability and functional adequacy of

the works of improvement, any scour area must be filled with nonerodible mate-

rial (sufficiently stable to withstand the environmental forces to which it

will be subjected). This may result in additional quantities of material

being required during construction that can potentially lead to substantial

cost overruns. To minimize potential cost increases due to scour during con

struction, it is necessary to quantify the probability and ultimate extent of

potential scour during the scheduled construction period. This is an ex-

tremely complex problem and quantification of the probability of potential 0

scour will likely be site-specific.

3. Since waves and wave-induced currents play an important role in pro-

ducing scour near structures, it is important to predict the wave field in the

vicinity of structures. Structures of interest may have complex shapes and .

tti surrounding hathvmetry may be very complex. Both long- and short-period

waves may attack the structure from many different angles.

.4
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Purpose of the Study

4. The purpose of this study is to develop a numerical model that can

determine wave fields near arbitrary structures in a region of arbitrary and

variable bathymetry. The model must be capable of simulating both long and S

short waves approaching structures from any arbitrary direction. In addition, .:

the model must be sufficiently efficient to allow application to real coastal .

engineering problems.

.%%
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PART I: NUMERICAL MODEL (FINITE) 0

Background

5. Short waves have wavelengths that are sufficiently short (wavelength 0

to depth ratio less than approximately 20) that propagation speeds are a func-

tion of wave frequency. In the nearshore region, short waves with periods .--

from a few seconds to approximately 20 sec play an important role in the move-

ment of sediment and the stability of coastal structures.

6. Equations that govern long-wave propagation over variable depths have

been known for some time (Lamb 1932). However, for shorter period waves where

frequency dispersion is important, the theory has included only constant

depths. Attempts have been made (Pierson 1951; Eckart 1952) to develop a two-

dimensional equation for combined refraction and diffraction that would govern

short-wave propagation in a region of variable depth; however, the equations ..-

developed do not reduce to the appropriate simple refraction equation after

neglecting the curvature of the amplitude function and they also do not reduce

to the linear long-wave equation in the case of small water depth. In recent

years, Boussinesq-type equations also have been used to study the propagation

of short-period waves. These equations include terms that govern both fre-

quency dispersion and nonlinearity. Two-dimensional modeling of these equa-

tions is difficult since the frequency dispersion term is third order, there-

fore requiring a third-order accurate numerical scheme. Abbott, Petersen, and

Skovgaard (1978) have presented a time-marching, two-dimensional, finite dif-

ference numerical model with a third-order accurate implicit solution scheme.

However, a time-marching scheme requires significant computational time. In

addition, the finite difference method does not realistically model a complex

land-water interface as a result of the stair-step representation and has dif-

ficulties in allowing scattered waves to propagate out of a finite extent grid,

since these scattered waves are not known a priori.

7. Berkhoff (1972) and Schonfeld (1972) have derived a two-dimensional

wave equation that governs short-wave propagation over moderately varying

depths. Smith and Sprinks (1975) gave a formal derivation of this equation.

In the present study, a hybrid finite element model (FINITE) is used to solve

this wave equation. The method combines a finite element solution over a

finite extent region of variable depth with an analytical solution for a

6

. .. . . . . . . .. . . . ..-



surrounding infinite region of constant depth.

Wave Equation

9. The propagation of periodic, small amplitude, surface gravity waves

over a variable depth seabed of mild slope is governed by the following

* equation.

V (cc Ve) + _ w2  = 0 (1)- -"
g c

where

V = horizontal gradient operator, dimensionless

c = phase velocity, ft/sec* = (g/k tanh 
kh) 1/2

g = gravitational constant, 32.174 ft/sec
2

k = wave number, 2n/L, 1/ft

h = still-water depth, ft

c = group velocity, ft/sec = 1/2 c(] + G)
g
G = 2k h/sinh 2kh, ft/sec

OR 2 .
= velocity potential defined by u = VO , ft /sec

u = two-dimensional velocity vector, ft/sec

w = angular frequency, 2n/T, 1/sec

10. Equation I was derived by Berkhoff (1972) and Schonfeld (1972) and

is discussed in detail by Jonsson and Brink-Kjaer (1973). This equation gov-

erns both refraction and diffraction. It reduces to the well-known "eikonal"

equation governing refraction by neglect of the variation of the amplitude

function in the horizontil plane. The equation reduces to the diffraction

Helmholtz equation in deep or constant-depth water and to the linear long-wave

equation in shallow water.

11. Finite element numerical models have been used to solve Equation 1.

Berkhoff (1972, 1976) linked a finite element solution of Equation 1 over a

variable depth region to a source distribution for a constant-depth outer

region. However, as noted by Chen and Mei (1974), Berkhoff (1972) did not use

a proper functional with the consequence that his global stiffness matrix was

nonsymmetric and thus inconvenient numerically for all but the simplest prob-

lems. Bettess and Zienkiewicz (1977) also developed a finite element solution

• A table of factors for converting US customary units of measurements to

metric (SI) units is presented on page 3.

7
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of Equation 1. However, they used infinite elements to cover the constant- 0

depth outer region. The shape function used in the infinite elements had an

exponentially decreasing term in the direction away from the inner region.

The choice of a decay length was somewhat arbitrary; but the solutions were

not, in general, too sensitive to the exact value. A disadvantage of this 0

technique is that the infinite elements increase the number of equations to be

solved. If a problem requires a large number of elements because the region

of interest is large and the incident wavelengths are short, this solution can

require substantial computational time.

12. Equation I also has been solved by a parabolic approximation (Radder

1979). The approximation is derived from splitting the wave field into trans-

mitted and reflected components and then neglecting the reflected components.

This approach is applicable to some propagation problems but is not appropri- S

ate for problems involving wave interaction with coastal structures such as

breakwaters.

Finite Element Solution

13. Equation 1 is solved by program FINITE using a hybrid finite element

method originally developed by Chen and Mei (1974) to solve the diffraction

Helmholtz equation in a constant-depth region. Space is divided into two re-

gions as shown in Figure 1 (finite inner region A and infinite outer re- S

gion B). Conventional finite elements are used in the variable depth re-

gion A . A single superelement is used to cover the constant-depth infinite

region B . Variational principles are used that incorporatc the matching con-

ditions between the regular elements and the superelement as natural condi-

tions. Thus a symmetric global stiffness matrix is obtained that is very ad-

vantageous for highly complex problems.

14. The variational principle for the boundary value problem requires

that the following functional be stationary with respect to arbitrary first S

variation of the velocity potential "

j cc W c
1 2 9 dAF(2) A L gc j

ffAL -

i .c
aB 2g gan
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where *B and *A are the velocity potentials in regions B and A , re-

* spectively, and nA is a unit normal to the boundary separating regions B

.- and A.

15. Note that all integrals are evaluated within region A or along

8A Thus the variational principle is a 'ncalized one. As discussed by .9

Aranha, Mei, and Yue (1979), this variational principle can be replaced by an

" equivalent weak formulation.

16. The inner region A is assumed to have a variable depth and to be

of finite extent. This region is subdivided into finite elements. Here the

elements are triangular with simple linear shape functions. The infinite

region B (or semi-infinite if a harbor located along an infinite coastline

is of concern) is assumed to have a constant depth and is covered with a

single superelement. Since region B has a constant depth, the governing

" equation is the diffraction Helmholtz equation. An analytical solution for

*" the velocity potential in region B is well known and can be expressed as

* follows:

H (kr)(n cos nO + n sin nO) (4)

B n=O n n

. where a and are constant and unknown coefficients, H (kr) is Hankel
n n n

function of the first kind, and r and 0 are radial and angular variables

in polar coordinates. For a semi-infinite region B and a straight infinite

coastline, *B can be expressed as follows:

B nH (kr) cos nO (5)nn

The velocity potentials given in Equations 4 and 5 satisfy the Sommerfeld

radiation condition that the scattered waves must behave as outgoing waves at

infinity. Thus region B can be considered to be a single superelement with

shape function given by Equations 4 and 5.

17. If the shape functions are used to evaluate the integrals of Equa-

tion 3 and the functional is extremized with respect to the unknowns, a set of

linear algebraic equations is obtained. Of course, the infinite series given

by Equations 4 and 5 must be truncated at some finite extent. The number of

terms that must be retained depends upon the incident wavelength and may be

"" found by increasing the number of terms until the solution is insensitive to

10
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the addition of further terms. Solution of the boundary value problem thus S

reduces to the solution of N linear algebraic equations for N unknowns

(where N is the number of node points in the finite element discretization

plus the number of unknowns in the truncated series). That is,

[K] {4} = {Q} (6)
NxN Nx I Nxl

The symmetric complex coefficient matrix [K] is in general large, sparse,

and banded. It can be stored and manipulated in the computer in a packed form

(Chen and Mei 1974). The packed form is chosen to be a rectangular array (N

variables in length and the semibandwidth in width). Only elements of [K]

on and above the diagonal and within the band width need to be stored in the

packed form. S

18. Although the packed form of [K] greatly reduces the required com-

puter memory, the problems discussed later are so large that even memory re-

quirements of the packed form of [K] are excessive. However, since the sym-

metric coefficient matrix is positive definite, a solution is possible byp

elimination methods without pivoting. Without pivoting, elimination performed

using one row affects only the triangle of elements within the band below that

row. Thus the packed form of [K] can be partitioned into several smaller

blocks. Using Gaussian elimination, only two blocks at a time are involved in

the reduction and back substitution with the remainder of the blocks kept in

peripheral storage. This technique allows the solution of extremely large

matrices.

Verification

19. To verify this numerical model, comparisons were made between the

finite element calculations and both an analytical and a numerical solution S

* for the interaction of waves with a circular island on a paraboloidal shoal.

Figure 2 is a sketch of the problem. Hom-ma (1950) presented the analytical

solution to the long-wave equation for plane waves incident upon this island.

20. Many investigators, including Berkhoff (1972, 1976) and Bettess

and Zienkiewicz (1977), have compared their finite element solutions of the

long-wave equation with Hom-ma's solution. For example, Berkhoff (1972, 1976)

used 156 elements to cover the paraboloidal shoal (actually one-half of the

pi:~l

- . " ° " " " o o o " " ' o O - ' ' o 4 " ° ° " . " o " " l ' ' ' ' - °
- " ° ,
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-444 M

0
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Figure 2. Circular island on a paraboloidal shoal

shoal since by symmetry the solution required calculations for just one-half

of the shoal). This number of elements was not sufficient to adequately re-

solve features of the problem; consequently, Berkhoff's finite element solu-

tion differed from Hom-ma's analytical solution by as much as 70 percent at

one location. Since Berkhoff did not attempt to use a finer grid, it is ..-

likely that his coarse grid required a moderate computational time. The

model described in this paper would require less than 0.1 sec of computa-
tional time on a CRAY-I computer to solve Equation 6 using Berkhoff's grid.

Bettess and Zienkiewicz (1977) also used a fairly coarse grid similar to

Berkhoff's grid.

21. Lautenbacher (1970) used an integral equation solution to solve the

long-wave equation for waves interacting with a circular island on a shoal

with linear side slopes. He used a coarse circular mesh grid with only

130 points. Because the resulting coefficient matrix was full, the computa-

tional time required for a solution was 60 min on an IBM 7094 computer.

22. Figure 3 shows a finite element grid with 2,640 elements used by

the model described in this report to solve the problem of the interaction of

long waves with a circular island on a paraboloidal shoal (by symmetry only

12 -_S •
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Figure 3. Finite element grid for paraboloidal island
(2,640 elements)

half the shoal needs to be considered). Figure 4 shows comparisons between

Hom-ma's analytical solution and the finite element model solution for incident

waves with five different periods. The agreement is excellent with only slight

differences for the 240-sec waves (resulting from lower resolution of the inci- -

dent wave for shorter period waves). The computational time for solution is

approximately 4 sec on a CRAY-I computer.

"5,'

- ANALYTICAL SOLUTION 7T240 SEC
0 0 / FINITE ELEMENT SOLUTION

410 SEC

* ~ I-
720 SEC

1440 SEC

I I 1 I I I 1 I l| I

0 5 30 45 60 75 90 105 120 135 150 165 180

AZIMUTH, DEGREES

Figure 4. Solutions without dispersion (2,640 element grid) "
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23. Jonsson, Skovgaard, and Brink-Kjaer (1976) show that for a wave :

with a 240-sec period interacting with the circular island on a paraboloidal

shoal the effect of frequency dispersion is not particularly significant. The
•.

ratio of wavelength to water depth for this case is approximately 11. However,

for a 120-sec incident wave (wavelength to water depth ratio of less than 5), 0

frequency dispersion is quite significant. In order to maintain a resolution

of a 120-sec wave that is approximately equal to that obtained for the 240-sec

wave using the 2,640-element grid, it is necessary to reduce element side :. -'. -

lengths by a factor of approximately 2. This reduction results in a quadru- 0

- pling of the number of elements. Figure 5 shows a finite element grid with

10,560 elements used to calculate the interaction of a 120-sec wave with the

island.

. ..... . .

• .-. e w e F

. . . . . . .. .. . . . . ..... ...5 *. "* . . ....... . . . . . .

:-.. .. '..

.... . .... .'..-.-.....-

~~~~~~~~~~~~. . . . . ...... ""_°. . . . . .... % :; ? .. ,- " ,

tion . Finite element .....id ofo ptis laeport..nd oth
there is exct s Te e

- •. . -..

24 Figure 6 shows a comparison between the analytical solution of the long-wave -

long-wave equation by Hor-ma (1950) and the finite element solution (grid ofn
Figure 5) for a 120-sec incident wave. Figure 7 also shows a comparison be- "

tween a numerical solution of Equation I using an orthogonal collocation solu-

*tion and the finite element model solution of this report. In both cases "i"-'

*there is excellent agreement. The effect of frequency dispersion is quite sig- " :-

and Equation 1 are overlapped. In fact, the inclusion of frequency dispersion •.

is much more significant a factor than is resolution of the wave form for this

particular case. For example, Figure 9 shows a solution including dispersion

using the 2,640-element grid. The agreement between the finite element and

14
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- ANALYTICAL SOLUTION -

cr. o a o FINITE ELEMENT SOLUTION

T 120 SEC
0 -

0 I5 30 45 60 75 90 105 120 135 ISO 165 180

AZIMUTH, DEGREES

Figure 6. Solutions wvithout dispersion (10,560-element grid)

* 5 -
ORTHOGONAL COLLOCATION SOLUTION (JONSSON ET AL. 1976)

0 0 a FINITE ELEMENT SOLUTION

*4 4
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WITHOUT DISPERSION

-- ANALYTICAL SOLUTION
~ .~FINITE ELEMENT SOLUTION

4

3-

W 2-

J DIPRSO INCUDE

ORTHOGONAL COLLOCATION SOLUTION (Jonsson

o. o o FINITE ELEMENT SOLUTION e l 96

TI120SEC -

0 IIII

0 15 30 45 60 75 90 105 120 135 150 165 180
AZIMUTH, DEGREES

Figure 8. Effect of dispersion

(clloc. tiof sola'tions is much better using the 2,640-element grid and including

dispersion than is obtained using the 10,560-element grid without dispersion.

2. The computational time requirement to solve a problem using the

10,5t'O element grid is less than Imin on a CRAY-I. This is extremely modest

on idtcin~the very large size of this finite element grid. The computa-

*tionai timf of the model is proportional to the number of nodes times the

ba!Ad.widt 1 of the oeffcient matrix squared. This grid has more than 50 times

the' Mnmbr of niodcs contaired ini the grid used by Berkhoff (1972, 1976) and a

liriijit 1 ijr(ximitcly :3.3 times greater. Thus the computational time re-

quireme;it -,, ainist 6,00 times greater for this grid than for Berkhoff's grid.

Tl! upmput ci mem'-rv repji i rements also are very modest as a result of the parti-

tio-ring of the coefficient matrix. Although the racked form of the coefficient

n)It r x hal" 'IpproximaItely. 1.7 mill ion terms for this problem, only 45,000 terms

W~ r inuntru meoryat an%, giveni t ime wiLi the remainder in peripheral
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- ORTHOGONAL COLLOCATION SOLUTION (JONSSON ETAL. 1976) 0
0 0 0 FINITE ELEMENT SOLUTION

4- 0

0 0
00

00

00

- I"

3ow 0

0S

T =120 SEC

0 1 1 I I I I I I -
0 15 30 45 60 75 90 105 120 135 150 165 180

AZIMUTH, DEGREES -0

Figure 9. Solutions with dispersion (2,640-element grid)

Comparison with Three-Dimensional Numerical Model

26. Equation I was derived assuming that the bathymetry was slowly vary'-

ing. This mild slope approximation is valid for the slow bathymetric varia-

tions of the paraboloidal shoal shown in Figure 2. However, the approximation

is not appropriate for many practical problems involvii.g the interaction of

waves with man-made structures. For these problems, it is necessary to use a

fully three-dimensional model such as the hybrid three-dimensional finite ele-

ment developed by Yue, Chen, and Mei (1976). Of course, a three-dimensional

model requires substantial computational time. Therefore it is of interest to,

consider how well a two-dimensional mild-slope model compares with a three-

* dimensional model for a problem where the mild-slope approximation is strongly

violated.
_0

27. Yue, Chen, and "lei (1976) used a three-dimensional modul to (on-

sider the interaction of small amplitude plane waves with an elliptic island

on a circular base. Figure 10 illustrates the problem and shows the firiit, -.
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Figure 10. Elliptic island and three-dimensional grid

element grid used by Yue, Chen, and Mei (1976). Bottom side slopes vary from

IV on IH to IV on 2H and violate the mild-slope assumption.

28. Figure 11 shows the two-dimensional finite element grid used by the

model described in this report to simulate the interaction of small amplitude

plane waves with the elliptic island. Figures 12 and 13 show the interaction

of waves (k a = I and two incident directions) with the elliptical island.

The amplification factors and phases around the elliptical island calculated

by the three-dimensional model of Yue, Chen, and Mei (1976) and the

18
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Figure 11. Finite element grid for elliptical island

two-dimensional model described in this report are shown. The maximum differ-

ence in amplification factors is not much greater than 10 percent. Similar

agreement was found for greater values of k 0a

29. Although the two-dimensional model cannot perfectly reproduce the

three-dimensional model results, the difference may be within the accuracy

requirements of many engineering applications. Of course, the computational

requirements of the two-dimensional model are very modest compared with the re-

quirements of the three-dimensional model. For the problem of waves interact-

ing with the elliptical island, the three-dimensional model required 2.6 min

of computational time on an IBM 370/168 computer for each wave period. The

19
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two-dimensional model required less than 2 sec of computational time on a 0

CRAY-] computer. Part of the difference in computational time is a conse-

quence of the unknown relative speeds of the two computers.

30. The difference in computational time of the two- and three-

dimensional models becomes more significant for larger problems. For example, 0

Yue, Chen, and Mei (1976) estimate that approximately 6 hr of computational

time on an IBM 370/168 computer would be necessary to calculate the interac-

tion of a wave with a period of 8.5 sec or greater with a particular offshore

harbor. If a resolution of 10 grid points per wavelength is maintained, the 0

two-dimensional model would require an estimated computational time of only

0.5 to 1 min to perform the same calculation on a CRAY-1 computer.

Comparison with Laboratory Experiments 0

31. Putnam and Arthur (1948) performed the pioneering laboratory experi-

ments that considered diffracted waves in the lee of an impermeable breakwater

located in constant-depth water. Mobarek (1962) performed similar experiments

except that a linear bottom slope was used in the lee of the breakwater and a

very small model (72 ft 2 ) was used. In order to study the phenomenon of com- -

bined refraction and diffraction near structures, laboratory experiments were

performed by Hales (1980). In these experiments an impermeable breakwater was . -

located perpendicular to a straight coastline. A linear bottom slope extended

from some distance in front of the breakwater to the shoreline.

32. The laboratory facility used in these tests covered an area of ap-
2

proximately 2,500 ft . The breakwater was 15 ft long and 1 in. thick. The - 0

water depth in the facility decreased from 1.0 ft to 0.0 ft over a distance of

20 ft. The sidewalls that laterally bounded the facility were curved to fol-

low wave orthogonals. A plunger-type wave maker was used to generate small

amplitude sinusoidal waves that approached the breakwater at an angle. An S

array of 32 parallel-wire, resistance-type sensors was used to measure the

waves. The gages were supported by a large stand so that only the measuring

wires of the gages were in the water (i.e., the gages did not require indi-

vidual feet for support). Information was recorded and analyzed by a S

minicomputer.

33. One problem in simulating these laboratory tests numerically is that

the waves break in the hydraulic model near the shoreline and thus dissipate

22
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their energy. There is no mechanism to dissipate energy in the numerical model 0

described in this paper. However, dissipation can be simulated by allowing

waves to continue to propagate out of the problem area. Figure 14 illustrates

schematically how this is done. The breakwater and the linear slope are

numerically modeled only to the point where breaking occurs. The depth is 0

- a-- -N

/ / \ --- RAC

/ I\
11 /, WA VE 

1 - \CII/ U SE

Figure 14. Wave interaction with impermeable breakwater

then increased to the depth of the semi-infinite region surrounding the inner

region and the waves are allowed to radiate away from the inner region. Fig- .

ure 15 shows the finite element grid used for this simulation.

34. Figure 16 shows a typical comparison between the laboratory mea-

surements and the finite element calculations. Also shown is a uniformly

valid asymptotic solution derived recently by Liu and Lozano (1979). The ,

solution derived by Liu and Lozano (1979) is in excellent agreement with the

laboratory tests. The finite element calculations agree quite well in the

shadow zone with the laboratory tests. The agreement is not as good outside

the shadow zone. The difference probably is attributable to the artificial

increase in depth to allow the waves to radiate from the inner region. This

depth transition would cause some energy to reflect back into the inner region.

23
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Figure 16. Comparison with laboratory experiments
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PART III: INPUT DATA PREPARATION FOR S
FINITE ELEMENT SOLUTION

35. The following example problem is presented to demonstrate the steps

and procedures for preparing a finite element grid to be used for the numerical -

model solution of combined refraction and diffraction. This example outlines

the methodology for'data manipulation on the computer facilities at the US Army

Engineer Waterways Experiment Station (WES).

Data Preparation for Computer Plotting

36. Assume it has been determined that an area of interest such as out-

lined in Figure 17 is required to be digitized for computer processing of the 0

hybrid finite element model. The

47 48initial determinations after the over-

44 all region has been delineated include

40 4 4 an orientation so that the elements of "

the grid can be numbered in continuous

fashion. Also, the nodes of the ele-

ments should be numbered in a continu-

87 as 31 32ous fashion (counterclockwise). The x

and y coordinates of each node of the

as aelements are digitized in continuous

fashion and recorded for verification

later. If the program CONVER is used - 0

13 for converting the measurement of digi-

tized x and y coordinates to proto-

type units, it is necessary that all x

9 16 and y values be positive. When the

XXgrid 
has been digitized 

on magnetic
tape, the tape is assigned a number for

2 relocation later.

37. To convert the digitized -

Figure 17. Example problem for ASCII tape to BCD tape, run program
demonstrating the preparation DIGI (Figure 18). The steps for per-
of input data for hybrid

finite model forming such an operation include:

26
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a. Sign on DPS1 Honeywell System at WES. The telephone numbers
for both 300 Baud and 1200 Baud are 2162, 2171, 3561, and 3571.

b. Type in
OLD ROHH314/DIGI,R
CLEAR
SAVE DIGI

O

C. Type in
EDIT
The system will respond with a

d. Type in "PS:/IDENT/" after the "-".

The system will search and print the line containing the char-
acter string "ident" as: 0

20$: IDENT : USERID,USERNAME

e. Type in
RVS:/USERID,USERNAME/:/YOUR USER ID, YOUR NAME/
The system will replace the old user's ID and user's NAME by

the new user's ID and NAME, as desired.

f. Type in
PS:/720/
The system will respond with

720$TAPE9:O1,X1D,,TAPENO,,ASCII TAPE NAME,,DEN8

S. Type in
RVS:/TAPENO,,ASCII TAPE NAME,,DEN8/:/ACTUAL TAPE NO,, ACTUAL

ASCII TAPE NAME,,DENSITY OF THE TAPE/
where TAPENO has been previously assigned to the digitized
magnetic tape. ASCII TAPE NAME can be (1-8) arbitrary
alpha-numeric characters. Parameter DEN8 specified 800
density while DEN16 indicates 1600 density.

h. Type in
PS:/740/
The system will respond with

740$:TAPE9:03,X3D,,,,BCD TAPE NAME

i. Type in
RVS:/BCD TAPE NAME/:/ACTUAL BCD TAPE NAME/

j. Type in
PS:/750/
The system will respond with

750$:MSG2:save 03,USER NAME,USERID,BCD TAPE NAME

k. Type in -
RVS:/USER NAME,USERID,BCD TAPE NAME/:/YOUR NAME,YOUR ID,ACTUAL

BCD TAPE NAME/
(Note: BCD TAPE NAME should be the same name as that used
in Line 740.)

!. Type in
RESAVE DIGI
The system will respond with

DATA SAVED - DIGI
End of file

0
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mn. Type in
DONE
The system will respond with a 1* (CARDIN MODE) and wait for

the next Lommand.

a.Type in
RUN
The system will respond with

SNUMB XXXOcXT

38. The BCD tape contents will be saved as a permanent file by running

program TP2FIL (Figure 19) in the following manner.

aSign on the DPS1 computer at WES-

b.Type in
* OLD ROHH314/TP2FIL,R

CLEAR
SAVE TP2FIL

c.Type in
EDITAS

d.Type in
PS: /IDNET/

e. Replace USERID and USER NAME with actual user's ID and user's
NAME

Type in
RVS:/USERID,USER NAME/:/ACTUAL USER'S ID, USER'S NAMIE/

f.Type in
PS:/60/
The system will respond with

60$:TAPE9:F1,XID,,BCD TAPENO,,BCD TAPE NAME

~.Type in
RVS:/BCD TAPENO,,BCD TAPE NAME/:/ACTUAL BCD TAPE NUMBER, ,ACTUAL

BCD TAPE NAMIE/
(Note: The BCD TAPE NUM4BER is obtained from the log file
of the printout after program DIGI has been run, exampleOp
OLDt TP2F!L

*LIST

los st Nj
2CIDENT:USER1DrUSERNAME

301 :UTILITY
401:FuTIL:F31F2,COPy/lR/,HOLD/F2/
50$:FUTIL:FxYF2,COP,/1F/,RWD/F2/
60$:TAF-E9:F1,X1D,IBCD TA.ENO,,5CI)TAPE NAME
70$: FILE: F2::2S IL
8O$:DATA:F3, PCOFPY
90 1 NHIUT # S I S
100$:ENICOF'Y
1 10S:FFORAN:TSCONV
120$:FILE: I*PX2R
130%:FILE:OT, )1LPNEWiPF NAME
1 40$ IENDJJ0B

Figure 19. Program TP2FIL to save
BCD tape as a permanent file

29



shown in Figure 20. The same BCD TAPE NAME should be used -
as that previously used in DIG1.)

h. Type in
PS:/130/
The system will respond with

130$:FILE:OT,lL,NEW,PF NAME

i. Replace the PF NAME with actual permanent file name
Type in
RVS:/PF NAME/:/ACTUAL PF NAME

(The same PF NAME as BCD TAPE NAME is suggested.)

_. Type in
RESAVE TP2FIL 0

k. Type in
DONE

1. Type in
RUN
The system will respond with

SNUMB XXXXXT

OP ATOM STAITED W1TH 110040 FOR ILE CODE 03 G1 600 B1 G PHI 1008 10048 0001 $4016 OOKARTINBC-
T4UHO 10048 WAS CNOR TO CONTROL ASTER TAPE AME ROCRHSC

NO.RAL TIRMINATION AT 021343 t 1000 SW 00000000000

START 9.29' LINES 213 POC 0.001& /O 0.001 IU S :!MORT N 1T

STOP 9.299 LIRIT 20480 LIMIT 0.3000 LIMIT CU $ H.T 343 S
SWAP* 0.000

LAPSE 0.003 PC 0 TYPE SUST IPIAT FP/T I/IC HSIIE ADDRESS T PKI

6. H uSO0 * 42 4 36 36 0-12-20
H. H SuCO0 * I1 0 0 1 I 0-12-13

01 0 TAPE-N 1576 0/01 406 0 0-16-OS IUO1O
03 0 IAPE-9 352 0/O0 49 0 0-18-05 010048
P. STOUT
L" P 14SU450 * 1290 0 0 1200 12006 0-09-02

*L A qSW SCO * 60 0 0 S00 $00R 0-12-13

LIST 99 LI1ES
IC-2 114 LI4ES

ACTIVITY COST SUM"*RY

IES3U[CE HESOURCE BILLING
DESCiIPTIOBN USAGE UNITS

PHOCPSSOR (SECS) 6 13

RISC /3 TIRE (SECS) I

TAPE I/S0 TIPE :SECS1 2 1

Figure 20. Example showing how BCD TAPE NUMBER is obtained from
log file of printout after program DIGI is run

39. Digitizing errors may be edited from the tape with the following

procedures.

a. Sign on the DPS1 computer at WES

b. Type in ]
OLD PFNAME

(PFNAME is the permanent file name used in TP2FIL.)

300
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c. Type in
EDIT
The system will respond with a "-" to indicate that it is in

the EDIT mode.

d. Use the editor command to correct all errors.

e. Type in 0
DONE
The system will respond with a "*" and return to the CARDIN

mode waiting for the next command.

f. Type in
RESAVE PFNAME
(This should be the same file name as PFNAME.) 0

40. Program CONVER will convert the digitized values of the x and y

coordinates to prototype units (Figure 21).

a. Sign on the DPSI computer at WES

b. Type in
OLD ROHH314/CONVER,R
CLEAR
SAVE CONVER

c. Type in
EDIT

d. Replace USERID and USER NAME by actual user's ID and NAME
Type in
RVS:/USERID,USERNAME/:/ACTUAL USER'S ID, ACTUAL USER'S NAME/

e. Type in
- PS:/PARAMETER/

The system will respond with the statement
150 PARAMETER XMO=O,YMO=0,XMI=I2., YMI=0.
(where XNO, YNO, XMI, and YMI are coordinates of reference
points in the prototype units)

f. Type in
RVS:/XMO=OLD VALUE,YMO=OLD VALUE/:/XMO=NEW VALUE,YMO=NEW VALUE/
RVS:/XMI=OLD VALUE,YMI=OLD VALUE/:/XMO=NEW VALUE,YM1=NEW VALUE/

g. Locate and replace with parameter NI and N2 in Line 160
Type in
PS:/160/ 0
RVS:/NI=OLD VALUE,N2=OLD VALUE/:/NI=NEW VALUE,N2=NEW VALUE/

h. Locate and change the format statement in Line 290
Type in
PS:/290/
RVS:/FORMAT(4(i6,2F7.2))/:/THE DESIRED FORMAT/

31
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OLE' CONVER
*LI1ST

20011N
II01:IIEENT:USERII'IUSERNAME
1201 :OFT IOH: F0R~ AN
I 2'.s USE GTL IT
1301 :FfRr(:HFOR;IPNLNO
150OA F,. AME T ER X110- 0 - ,YMO0 -0.11 X12. Y H 1*0 .
160 PARAMETER HI118Z1sM2;3973
16' PARAfiETER N3.N2-N1+1
170 DIMENSION XPNH3 ,YF'N3) eNTT(H3)
190 tISTSORT( (AIS(XM1l-XKO))**2.4(ADS(YMI-YMOfl**2.)
192 DOG 2'5 I-1IN3
194 NTT(I)=I+N1-1
196 2'j~ CONTINUE
200 REAlItlOO0) XOPYO
210 REAE'(1#100) X1,Y1
220 100 FORMAT(2XtFA.0i2XvrF4.0)

240 CA~LL CONVERO:OYDX1 ,lp'l P,2,XPpYPDISTXHOYMO)
270 WRITE(43Y200) (HTTCI)q.NP(I)9YP(I)iI'lI;N3)
275 PRI NT 200 Y (NTT ( I) PXP (I )rYFP( I) I 1 1N3)
290 200 FOFMAT(4(I6Y2F7.2))
300 REWINDI 1
310 C~iLL VET.ACH(lys)

S320 STOP
330 END
340 SUBIROUTINE C014VERo:OYOPX1 Yt'i 1~lH2 1):.YoDISTPXKOYKo)
350 rDIMEMS ION X ( I Y (
360 HYFPnSQRT((Y1-YO)$*2+(o:1-XO)**2)
370 SCrALE*DIST/HYP
380 SINE=((Y1-YO)*SCALE)/DIST

390 COS INE ( X1-;(0) *SC.,LE)/DIST

400 110 10 I-1,N3
410 XX-( eX(1)-XO)$COsINE+(Y(I)-YD)*SINE)*SCALE+:HO
420 Y(I) 2(-(.(()-(O)*SINIE*(Y(I)-YO)*CDSINE))XSCALE+fNO
430 1(I)XX
440 10 CONTINUE
450 RETURN
460 E ND1
4705: EXECUTE
48-D$L 1ITS 02, 16K. '3000

4';0,:F'PFL:01 ,R.LUSERIDI/FF NAMEI
~00 6 :E DJO E

Figure 21. Program CONVER to convert digitized
values of x and y Coordinates to prototype

values

i. Locate and replace the parameter of USERID and PFNAHE in
Line 490

Type in
PS: /490/
RVS:/USERID/:/ACTUAL USER'S ID/
RVS:/PFNAIE/:/

(Same file name that was used in Line 130 in file TP2FIL.)

U ~. Type in
RUN
The system will respond with

SNUMB XXXXXT. '--
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Plotting the Finite Element Grid

41. After the finite element grid data have been prepared according to

the above procedures, the grid may be plotted by use of the WES Graphics Com-

patibility System (GCS) (1979) subroutines. The plot file can be directed

either to a Calcomp plotter or to a Tektronix 4014 terminal interactively.

This program FNGRID listing is presented in Figure 22.

Steps to run FNGRID

42. Program FNGRID may be run by using the following procedures.

A. Use the XEDIT mode editor to change the total number of nodal
points and elements of the grid.

a. Sign on CYBERNET (Control Data Corporation) COMPUTER SYSTEM
Telephone No. 2047 for 300 Baud
Telephone No. 2030 for 1200 Baud

b. Call out the procedure file PLOTF
Type in
GET,PLOTF/UN=CEROMO

SAVE, PLOTF

c. Use XEDIT to make necessary changes
Type in
XED IT

d. Type in
L/IXY/
The system will respond with

Q,FNGRID.C/IXY/35/.*;C/NEL/48/* .

e. Change the total number of nodes (IXY) and elements (NEL)
to the desired number

Type in
C/35/TOTAL NO. OF NODES/
C/48/TOTAL NO. OF ELEMENTS/

f Option: If the user does not wish to change data file
names FINDAT and FINDATI to other names, go to
section g. Otherwise,

Type in
C/FINDAT/NEW FILE NAME/
C/FINDATI/NEW FILE NAME/

$. Type in
E,,RL

(This command will terminate the editing mode and the
file PLOTF will be replaced by the edited version.)

S ::
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OLDFNGRID
/LIST

PROGRAH GRIDFL(INPUTiOUTPUTrTAPE,.-INPUTTAPE6,TAPE8,
TAPE12 , T'APE13, TAPE 10 TAPE 66v TAPE77r 1 APE9, TAFE99

C sW* IXY IS THE IAX NUMBER OF NODES
C $** NEL IS THE MAX NUBIiER OF ELEMENTS
C *4* NI-N4 IS THE NODE NUI1BER OF EACH ELEMENT
C * DEP IS THE DEPTH AT EA1CH NODE
C $ s IC1:0 PLOT NODE (ND ELEMENT NUMBERS
C *St IC1*-I PLOT ELEMENTS NUMBERS. 0
C *s* ICI:2 NO NUMBERS PLOTTED
C *** IC2n0 NO DEPTH DATA OR PLOT
C Vs* IC2=1 READ AND PLOT DEPTH DATA
C *$ XTRYTR-X AND Y COORDINATES OF THE CENTER OF THE SEMICIRCLE.
C t2* ANGG-ANOLE IN RADIANS OF SEMICIRCLE DIAMETER FkOI GRID )-r.XIS.

C $ RR-RADIUS OF SEMICIRCLE IN FEET
C *$* NE'EV;0 PLOT FILE IS DIRECTED TO THE CALCOMP PLOTTER.
C S** NJEV.:- PLOT FILE IS DIRECTED TO THE TEKTRONIX 4014 TERMINAL.
C StS NODR=NO. OF POINTS O THE CIRCUMFERENCE OF THE SEMICIRCLE (OR CIRCLE).
C **I NCL!:1 SEMICIRCLE GRID IS USED.

C *** NCL-0 FULL CIRCLE GRID IS USED.
C $*$ FACT IS THE FACTOR USED TO INCREASE OR DECREASE THE ORIGIONAL. LOT SIZE.
C $*; FACTt.0 IF MDEV':I
C *$* WXMAX1. THE RIGHT-MOST WINDOW BOUNDARY. (SEE OCS MANUAL)
C 8*v WxH-Nl THE LEFT-MOST WINDOW BOUNDARY. (SEE GCS NAUUAL)
C ** WYMAX- THE TOP-MOST WINDOW BOUNDARY. (SEE O:S MANUAL)
C $** WYMINw THE BOTTOM-MOST WINDOW BOUNDARY. (SEE GCS MARUAL)
C $$ ;(LO= THE X COORDINATE OF THE LOWER LEFT CONNER OF THE
C FIRST CHARACTER OF THE OUTPUT. (SEE OCS MSANUAL)
C S** YLO- THE Y COORDI1ATE OF THE LOWER LEFT CONNER OF THE
C FIRST CHARACTER OF THE OUTPUr. (SfE OCS MANUAL)
C *$* RTITLE. TITLE OF THE PLOT
C $ NAMEly IDENTIFIER USED FOR THE PROJECT
C $$$ USE FROC. FILE 'F'LOTF' TO SET DESIRED DIMENSIONS.
C

COMMON LDUM(2000)
[1IMENSION X(IYIX) iEP(IXY)
DIMENSION K(NEL),NI(NEL)Fv2(NEL),I.3(IqEL),N4(NEL)
DIMENSION XAVE(EL),YAVE(HEL)
DIMENSION NtA.EI(10)
DIMENSION RTITLE(8) .....
READ(12,10) NDEVNODRFUCLFACT

10 FORNAf(3ISFS.1)
IRI-*RI.
Ivt :0

1V2-1
CALL SETJCI(IRIII)
IF(NDEV.EO.1) CALL SETJCI(IR.IIV2)
READ(12.I) NAMEI

15 FOR;AT(10 .6)
NSFACE :H1OF;-1
READ(t2,20) SCALE, IC1, IC2

20 FOREiT(F10.2, I tO)
READ(12.40) XTRYTRANGGRR

40 FORdiAT(4FIO.2)
RE(.i (13950) (): (I) ,0Y(1) ,I 1 , I XY

50 FORi1AT(3(6 ;(,2F9.3))
PAI :3.1416
IF(RCL.EV.1) t'A2 FAI/NSFACE
IF(I4CL.E0.0) VC.2- 2.*PA.I/NODR

NNO[D [XY
NOI1B2 NN 'D-NOI'R

Figure 22. Program FNGRID for plotting the finite element solution _
(Sheet 1 of 3)
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WkITE(SP105) NAMEI
WRITE (8,96)

95 FORMAT (// P0 I OX* ~ * *4*4:* ) A 4
10', FORMiAT(/ P20X,10OA6 / )
96 FORhAT(10):t *Mv 4**4 * * *# 4%4*~~~ /

C *** !'(I) USE TEMPOR.^RY
11O 60 1 IIXY

60 K ( I) -rI
F.EfD(9i70) (t'EP(I )s IiNNOrA)

70 FORhAT(I6F5.2)
WRITE(Sr115)

I1 '5 FORMAT (7X, pNODE ' ,IIX p )-COOD o l11): v-COOD 11: E'FFTH

NOOBI- IXY-NODR+1

M=N'EL
DO 130 I-lvN
X I) X(I S C AL E

Y CI )Y I)A SC AL E
130 CONTINUE

C ** PRIN~T INTEF~iEDI;TE DATA
140 FORMAT (1X;12A6)

WRI TEC (8, 150) NohpR SCALE
150 FORMAT ( 1:r12HI40 OF PO INTS rIpI X,1w:1 4HI0 OF ELEMENTSI15/r IX I16HRAN

*GE OF Y-COORL,,PF 10. 0 t/ 9 1X ,22HSCIALE FACTOR ( If/FEETflE 103)
C $** CALCULATE ELEIKENT CENTROIDS

WRITE(8' l60)

160 FORMiAT(//,7HELE;EH4T,1):.'H(1),2>Xr'HN,(2),2X,HIK!3)2X>:7HELEMEI,'T,1X
*4HN(1),2X,4HN(2),2):4HI3),2xy7HELEMEIT,1Y,),HI1),2x ,4HN)2):,4HN

REAIJ (9P170) (NI (I) rN2(I ) , 3 (I)sI- 1,WEL)
170 FORMiAT(3(5XP31I;))
190 FORMAT C 16p2):#416t 2): ,4I6)

WRITE(87130)(bI l(l) tN2(I) ,N3(1) 'I I)H~EL)

WRITEC I0P2Z,0) C XCIflI-l IY)

WRITEC 10, 170) ( II) rN2(I) . p3(I ,I:1r NEL)

250 FORMAT(BFI0.2)
C ** READ 114 DATA FOR :-RANGE AND Y'-RANOE **

REAL'(12P251) XA,;IIWYKwiN
251 FOR'MAT(4FI0.1)

C *** READ' IN DATA TO LABEL THE FLOIC**
REAII(12#11) XLOiYLO

41 FORfiAT(2F6.2)
READ( 12942) RTITLE
WRITE (B'42) RT ITLE

42 FORMAT(BA10)
DO0 35 -I .tM

IF(IC1.GE.2) 00 TO 220
11O 200 1I'1m
Nu1 NiI)
NN2 M)2(I)
N143- N3( I
NN4 '4(I)

YAVE (I) Y (VI M N i
IF(N4'(1).GT.0) GO TO 210
XAVE (I) XAVE (Ic1 3.
YAVE(1) YVE(I)v'3.
GO TO 200

YrVE( I YAVE C1 4 4Y (NNI i 4.

Figure 22. (Sheet 2 of 3)
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220 CALL USTART
CALL UPSET(*SPEEV'l20.)
CALL UE RASE
CALL UBELL

C CALL uFS.ET('TERiKINATOROp*;)
IF(HD~EV.FO.1) GO TO 225
CALL USET(*ALTE*)

CALL UEIRASE
22S CONTINUE

CALL USET('EVICE*)
CALL FACTOR(FACT)
CALL UtiAREA.0p014 .0#0. S,1O
CALL USETV'VIRTU.')L'
CALL UWINDO(WXMAXWIIINr W)*riAX.WYMIN)
rDO 2Z - I t M
XI- I

C **MOVE PEN TO FIRST ELEhEWT NODE
MI :Nl(I)
M2 *142 (l)
m3-II3( I)
M414-4 ( I
CALL USET('NOAXES')
CALL USET(*LIME*)

CALL UllOVE0(hlM1) t Y(M1)
CALL UF EN ( X( 2)sYV(M2) )
CALL UMOVE(X(M2)xY(H2))
CALL UPEN(X(l-3) ,Y(M3))

CALL UMOVE0:0h3),Y(M3))
IF(N4.E0.0) GO TO 26
CALL UPEN(X(h4) vY(M4))

CALL UMOVE(X(Ml),Y(M4))
26 CALL UPEN (( (.11iY (Ml)
25 CONTINUE

IF(ICI.EQ.2) GO TO 27
DO 27:i I-*IPM
ELE I
CALL UKOVE0:AVE(I),YAJE(I))

CALL USE r (*SM(ALL
CALL USET(*INTEGER')
CALL UFRINT(XAVEI) ,YiVE(I ) ELE)

27Z CONTINUE
IF (ICI.GE.1) GO TO 27
DO 270 I-17 N

ENz I
CALL UIIOVE ( X(I) rY(I))
CALL USET( SIIALL*
CALL USET(*IMTEGER')
CALL UFRINT(X(I) ,Y(I)tEN)

270 CONTIHUE
27 CO1NTINUE

IF (IC2.EQ.0) 00 TO 116
CALL USET('HRWARCI)
CALL USET('SMiALL'
DO 117 I11NNOEi
CALL USET('REAL-)
CALL UFRINT(X(I) ,v 1),[iEP<I))

117 CONTINUE
116 CONTINUE

C 1*4 LA8EL PLOT s

CALL USEr(VIRTUAL')
CALL USET(*LARGt,*
CALL USET(*TEXT*)
CALL UFRINT( /.LO. YLO,RTITLE)
CALL ijLidE
i. I T F ( 'I. 1600.)

1000 FO hAT(,X,'FL(fTT11, L01i LFL*)

STOP
ENDI

Figure 22. (Sheet 3 of 3)
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B. Use procedure file to run program FNGRID. S

a. Type in
OLD,PLOTF
BEGIN,RUNPL,PLOTF
The system will respond by printing out the statements

which are edited by "Q" statement in file PLOTF 0

b. Answer the first question of PROGRAM FILE NAM4E
Type in
FNGRIDI

c. Answer the question of TYPES (X,N,B) OF FILE
Type in 0
S

d. Answer the question of DEVICE
Type in
DR4 (if Calcomp plotter is chosen)
TK4 (if Tektronix 4014 terminal is chosen)

(Note: Computer will begin to plot on the screen if S
TK4 is chosen; computer will respond with more ques-
tions if DR4 is chosen.)

e. Answer the question of USER'S ID
Type in
CEROXX (the user's ID)
The system will respond with
TAPE 99 ROUTED THRU AJZZ123

(where AJZZ123 is the job name of the plot file)

f. Call (Ext 3442) the operator of the COPE terminal at the
WES Automatic Data Processing (ADP) Center to retrieve the
plot file. (Note: TAPEI0 is saved and replaced by file J -_
name FINDAT after the run, and will be used as data file to
run program FINITE.)

Data preparation information

43. The variable names and format allocations for program FNGRID are as S

follows.

DATA SET NO. I

CARD NO. 1

Col. Format Variable Name Description .

1 5 15 NDEV NDEV=O, plot file is directed to the Calcomp

plotter
NDEV=I, plot file is directed to the Tek- -..-

tronix 4014 terminal

6 - 10 15 NODR Number of points on circumference 0

11 - 15 15 NCL NCL=O, full circle grid is used
NCL=I, semicircle grid is used

30
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Col. Format Variable Name Description 0

16 - 20 F5.1 FACT Factor used to change original plot size.
(Note: If NDEV-1, then FACT=I.0.)

CARD NO. 2

1 - 60 IOA6 NAMEI Identifier used for the project

CARD NO. 3

1 - 10 F10.2 SCALE SCALE=l and 2, x and y coordinates of

the nodes are in feet and inches,
respectively

11 - 20 110 ICI IC1=0, plot node numbers and element numbers
ICl=1, plot element numbers only
ICI=2, no number plotted

21 - 30 110 IC2 IC2=0, no depth data on plot g
IC2=1, read and plot depth data

CARD NO. 4

1 - 10 F10.2 XTR X - coordinate of the center of semicircle

11 - 20 FIO.2 YTR Y - coordinate of the center of semicircle •

21 - 30 FIO.2 ANGG Angle of the semicircle (radians)

31 - 40 FI0.2 RR Radius of the semicircle (feet)

CARD NO. 5

1 - 10 FI0.1 WXMAX The rightmost window boundary (See GCS 1979
manual)

11 - 20 F1O.1 WXMIN The leftmost window boundary (See GCS 1979
manual) ---

21 - 30 F0.1 WYMAX The topmost window boundary (See GCS 1979
manual)

31 - 40 F]0.1 WYMIN The bottommost window boundary (See GCS 1979
manual)

CARD NO. 6 0

1 - 6 F6.2 XLO x-coordinate of the lower left corner of the
first character of the output (See GCS
1979 manual)

7 - 12 F6.2 YLO y-coordinate of the lower left corner of the
first character of the output (See GCS
1979 manual)

38
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Col. Format Variable Name Description

CARD NO. 7

1 - 80 8AO RTITLE Title of plot

DATA SET NO. 2

CRD NO. I

(Note: This data set is obtained after the program CONVER is run.)

I - 6 Blanks

7 - 14 F8.3 X(1) x-coordinate of node 1 0

15 - 22 F8.3 Y(1) y-coordinate of node 1

23 - 28 Blanks

29 - 36 F8.3 X(2) x-coordinate of node 2

37 - 44 F8.3 Y(2) y-coordinate of node 2 S

45 - 50 Blanks

51 - 58 F8.3 X(3) x-coordinate of node 3

59 - 66 F8.3 Y(3) y-coordinate of node 3

(Note: Six values on each card. Total number of x and y values should equal 0
the total number of nodes.)

DATA SET NO. 3

CARD NO. 1

1 - 5 F5.1 DEP(O) Depth in feet at each nodal point S -

6 - 10 F5.1 DEP(2) (Note: Sixteen values on each card, and use
as many cards as necessary.)

76 - 80 F5.1 DEP(16)

DATA SET NO. 4 0

CARD NO. I

1 5 is K(1) Dummy variable used as an index number for

the element

6 - 10 15 NI(1) First nodal point of elemert'

11 - 15 I5 N2(1) Second nodal point of element 1

16 - 20 15 N3(0) Third nodal point of element I

39
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Col. Format Variable Name Description

21 - 25 I5 K(2) Dummy variable

26 - 30 IS N1(2) First nodal point of element 2

31 - 35 I5 N2(2) Second nodal point of element 2

36 - 40 I5 N3(2) Third nodal point of element 3

41 - 45 IS E(3) Dummy variable

" 46 - 50 IS NI(3) First nodal point of element 3

51 - 55 I5 N2(3) Second nodal point of element 3 0

56 - 40 I5 N3(3) Third nodal point of element 3

(Note: Twelve values on each card for as many cards as needed. The order of
NI, N2, and N3 of each element is chosen by following a counterclockwise
direction.)

Example run

44. The finite element grid of Figure 17 will be processed as a typical

representative example of the capability of the programs.

A. Use XEDIT mode to set the total number of nodes to 35 and total S
number of elements to 48 (Figure 23).

GETPLOTF/UN=CEROMO
/SAVEPLOTF

/OLDPLOTF
/XEDIT
XEDIT 3.1.00

?? L/QFNGRID/

OPF NGRID-*C /IX Y/ 30 /*;C / NEL /40/ *
?? C/30/35/
OF NGRID.*C/IXY/35/ :;C/NEL/40/ "
?? C/40/48/
0,FNGRID.C/IXY/35/:;C/NEL/48/*
?? E,,RL
PLOTF REPLACED
PLOTF IS A LOCAL FILE
AEB , 0.254UhTS.
/ 0

Figure 23. Using XEDIT mode to set
total number of nodes and elements

B. Run program FNGRID

a. Plot file is directed to the Tektronix 4014 terminal •
(Figure 24).

400
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OLDPLOTF
.UIEGIN.RUMPL.PLOTFrF DID.FD3.
C 313 3S IS THE MAX NUMBER OF NODES

DIMENSION X(3S )V(3S ),P(3S)
READ(13.Se) (I).Y(I).I 1,3--
NIOD-3S
D0 60 3.1.35

IODI-3S-hODR*1
14-35dRITE(l*I.2503 (X(I 3.1-t.353

URITE(11.2S4)Y(1 ),I-I,3S)
[EO OF FILE
C 22 48 Is THE MAX MNUMER OF ELEMENTS

DIMENSION K(48).NI(41).Na.(41.N3(41).N4(43)
DIMENSION X*(48),YAM(48)
M-48 R*4111- 48)"*EAD(g,.t7e) tNtCI),NI3 )N3(I ., .1.43 3""'"
UIITEC(8,1363( X.N I ,I~ a( I),N3( I )3 1o1,413+."-'..
UAIT[ (1S. ?)1703(CI),NEI ),3131 ). I"1.41 )

END OF FILE
ENTER PROGRM FILENAME

9 FNGRIDI
ENTER S FOR SOURCE FILE WITH NO LINE NIM US
ENTER N FOR SOURCE FILE UITH LINE NUMBERS
ENTER I FOR BINARY FILE
?S
DEUICE-
? TK4

Figure 24. Directing plot file to

Tektronix 4014 terminal

b. Plot file is directed to the Calcomp plotter (Figure 25).

OLD, PLOTF
/PEGIN,RUNPL.PLOTF,FDI .FD2,FD3.
C Sit 35 IS THE MAX NUMBER OF NODES

DIMENSION XC35),Y(35),DEP(35)
READ(13,S6) (X(I),Y(I),I-1,3S)
MNODa35
DO 66 I-1.3S
URITE(8.90) (K(I),XCI).Y(I ),DEP(I).I1".35)
NODB I -3S-NODR* J. .

r N'-3S.

WRITE(16,25)CX(I ),1-1,35)
URITE(IeZs9)(Y(I ).I-1.3s)

END OF FILE
C Sit 48 IS THE MAX NUMBER OF ELEMENTS

DIMENSION K(48),NI(48).N2(48),N3(48),N4(48)
DIMENSION XAVE(48).YAJE(48)
M- 48
READ(9,170) (NI(I),N2(I),N3C1), I-148)WRITE(8, 186e)(1,NI (I),N2(I ),1t3( I ), I=1,48)

1 ~~~URITECI@o l? ) (NICI),NBCI ),N3CI ), I,1,48) . .'

END OF FILE
ENTER PROGRAM FILENAME

7 FNGRIDI
ENTER S FOR SOURCE FILE WITH NO LINE NUMBERS
ENTER N FOR SOURCE FILE WITH LINE NUMBERS
ENTER 3 FOR BINARY FILE?S 5

DEUICE-
? DR4
ENTER YOUR USER NUMBER
7 CERems
TAPE99 ROUTED THRU JOB AJZZ324

CALL DOT GRIFFIN (TEL.3442) & SPECIFY 3-BIT SOFTWARE
REVERT.

Figure 25. Directing plot file to Calcomp ,

plotter terminal
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C. Listing of data files (FD1, FD2, FD3) (Figure 26). 0

OLDFD1
/LIST

0 9 1 1.0
SAMPLE PROBLEM

1.00 0 0 "
0.00 0.00 0.00 9.00

-35.0 35.0 -40.0 15.0
-8.00-37.00

FINITE ELEMENT GRIDi\

Figure 26a. Listing of data file FDI 0

OLDFD2
/LIST

-8.000 -32.000 0.000 -32.000 8.000 -32.000
-4.000 -28.000 4.000 -28.000 -8.000 -24.000 0
0.000 -24.000 8.000 -24.000 -4.000 -20.000
4.000 -20.000 -8.000 -16.000 0.000 -16.000
8.000 -16.000 -4.000 -12.000 4.000 -12.000

-8.000 -8.000 0.000 -8.000 8.000 -8.000
-4.000 -4.000 4.000 -4.000 -8.000 0.000
0.000 0.000 8.000 0.000 -4.000 4.000 .0
4.000 4.000 0.000 8,000 12.000 0.000

11.000 4.600 8.500 8.500 4.600 11.100
0.000 12.000 -4.600 11.100 -8.500 8.500

-11.100 4.600 -12.000 0.000

Figure 26b. Listing of data file FD2

OLDFD3
/LIST

0.25 0.25 0.25 0.5 0.25 0.25 0 25 0.2: 0.25 0.25 0.25 0 2n O.: 0.:: 0.2"-
0.25 0.25 0.2i 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.2Z 0.2ti 0.2:, 0.25 0.2,
0,23 0.25 0.25

1 2 4 2 3 5 1 4 6
4 7 6 2 7 4 2 5 7
5 a 7 3 8 5 6 7 9
7 a 10 6 9 11 9 12 11
7 12 9 7 10 12 10 13 12

1! 13 10 11 12 14 12 13 15
1 14 1 6 14 17 16 12 Y' 14

12 1s 17 1s 16 17 13 la 15
16 17 19 17 18 20 16 29 21

19 22 21 17 22 19? 17 :10 22

20 23 22 16 23 20 35 21 1 34
21 22 24 22 23 25 23 27 26
21 24 34 22 25 24 23 28 2 5
34 24 33 24 25 26 25 2b 29
24 32 33 24 26 32 2 30 26
25 29 30 26 31 32 26 30 31

Figure 26c. Listing of data file FD3

42
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The computer plot of the finite element grid originally conceived in Figure 170

is presented in Figure 27 after processing by the programs DIGI, TP2FIL,

CONVER, and FNGRID.
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PART IV; PROGRAM FINITE

45. The propagation of periodic, small amplitude surface gravity waves

over a variable depth seabed of mild slope is governed by

c 0

A (cc Ad) + g  12 d = 0 (1 bis)g c

Equation 1 is solved numerically by program FINITE using a hybrid finite ele-

ment method originally developed by Chen and Mei (1974) to solve the diffrac-

tion Helmholtz equation in a constant depth region.

Data Preparation for Program FINITE

46. Two types of data are necessary to run program FINITE: (a) data

values defined by parameter statements in the program FINITE and (b) data sub-

mitted to the program FINITE by data files. Program FINITE is presented in

Figure 28. .0

Data values defined

by parameter statements

47. The following data values are defined by parameter statements in

the program FINITE. -

" Variable Name Format Description

" NNOD Integer Total number of nodes
NELE Integer Total number of elements

NODE Integer Total number of radiation boundary nodal points

NCS* Integer Total number of coefficients in the expansion of
radiation domain

-ISPT Integer Number of selected elevation station (nodes)

ISPTE Integer Number of selected elevation station (elements)

NSYSK Integer NLGL x NBAND x 2 + 50
(see comment statements in program FINITE)

NSYTP Integer NLGL x NBAND + 100
(see comment statements in program FINITE)

(*Note: The value of NCS is not known a priori. Enough terms must be included

such that additional terms have a negligible effect on the solution. NCS can

be estimated by determining the argument (2 R/L) of the J Bessel Functions

44
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(Committee for the Calculation of Mathematical Tables 1958). The values of -

different order J Bessel Functions with this argument can be determined using

Bessel Function tables. When the value of a Bessel Function of higher order

becomes much less than the lower order Bessel Function of the same argument,

NCS is set equal to the order of the higher order Bessel Function. For

h = 1 , k = 12 , T = 2 sec; 1 = (Vgh)T = 11.4 ft, (2nR/L) = 6.64 . Since

J1 (6.64) is much less than J (6.64) , NCS is set equal to 13. The model
13 o

should then be run with NCS equal to both 13 and 14. If the results are the

same within desired tolerances, the value of NCS = 13 is confirmed.)

Data values submitted by data files

48. Data file FINDATI contains Data Set No. 1 through Data Set No. 3.

Data file FINDAT contains Data Set No. 4 through Data Set No. 7. (FINDAT can

be obtained after running the plotting program FNGRID.) 0

-0

.-
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OLDYFINITE
/LIST
*DECK MAIN

PROGRAM L(ALB (INFUTrOUTF'UTrTA'PE5 INF'UTrTAPE6::OUTPUTrTAPE4p
KIT hFE99TAPE1 IIPTAPE12, ToPE13s TAFE14,PTAE ISTAFEI6#TAP.I7tTAFE IS

ITAPE19,T)FE .OTAFE21,rfAF'E22,!TAPE23,TAF'E24,TAPE2:;)
C
CCC B4ARB(ERS POINT HARBOR OSCILLATION STUDY
C
C I 4 4 V1
C NELE~ TOTAL NO. OF ELEMENTS
C NNOD- TOTAL NO. OF NOLIES
C NODR*TOTAL NO.QF RADI.ATION-BOUNDARY NODAL POINTS
C KNCS iTOTAL NO.OF COEFF. IN THE EXPANSION OF RADIATION DOMAIN
C NEOT, TO~TAL NO. OF SIN. LIN. EOIS. %:NOD4NODR

COHIPLEX SYSKpSYSOpXHpIDHySM
41,SYTF, STMP ,FTEiKP
COM~ION/De/ WKtALF'HArtlDA2rtIA4,RRWRXLrWL.,RKHPHKL
DIM~ENSION X(1277) ,Y(12!77) ,NOD(1277 rN4CON(2334v3) ,>:J(25S),
I XY(25)tXH(25)tDH(2rj) ANO0L(13) ,Sli(13),DID(2334),NSF(10O),7PERC5)
DIMENSION AF(129,'),AT(1297),ID(20),NISFE(100)
DIMENSION U(2334) 7V(2334)pYC(2334) ,Z(3)
COMAN/LI/SYSK C 19BL50)
COMMON/L2/SYSO( 1300)
COhiMON/L3/STMP( 1300)
C 0i 10ON/ L I /SYTF P( 99:;0
DiIMENSION FTEN(9950)
DIhENSION VJ(1O5)YVY(105)
DIMENSION NR(3)
DICENSION XFK(ZS)
COMHOIN /NEW/ NUMBLKpNLGpNLGLpL11,LS

I PLIPL3
LEVEL 2,SYSI'PSYSrSTM,*FSYTPPFTEMP
EQUIVJALENCE (FTEhP(1)tSYTF(1))
DATA (IPER(J)pJ-I,5)/4HWAVEv4H PERP4HIOD r4HIN Sr4HECS=/
IFC -:0
IFMAX z- 0
RE f i (Zp,2) ID

2 FORMAT(20A4)
WRITE(6t3) ID

3 FORMT(//3X2A4////)

NELE3..3*NELE
NEOT 'MNOD+NCS
i400R1 *NODR-I
NUMBiLK :. K'0*1t,'/BKE +
PAL= 3.141S92654
DI ? 1.0
IIA2 .. FAI/NOt'R
t'A4 : DA2/2.

'431 V~LG'-1IEOT/NUMBLK
NLGL. IREOT-(i'LUMIBLK-l)*M4LG
NLGG *2)FLGL
IF(HLGCINt~AMD.LT.1981 O)GO TO 5432
t1U~ibLK NUNI'LK + 1
00 TO 5431

Z432 CU~ITINUE
WF ITE (6 p12NELE , NOD, IOIR wNCS vNECT ALPHA rDA2 r DA4 rRR i ll LM

12 FORMAT(/l~p23IlTOTAL ICO. OF ELEMENTS :;I~r3X:r20HTOTAL NO. OF NODES
l-1:;p~3):p2HTOTAL 14O. OF SOURCES :rI~p3Xi3OHFIRST ELEMENT W.R.T. SO
2UFCES --IS,,'l):o3OHTOTrAL NCO- OF SIM. LINEAR EOS .,I5,41X,20MUAVE ANG

Figure 28. Program FINITE for solving hybrid finite element modelS
(Sheet I of 23)

460



3LE OF INCIDENCE -,FIO.5,4X,29HINCkJ*.N1 IN Ah,.. -KiAiIuN ZF211.4
4p/l),3ZrlOUTEST EXTEND' OF F11N1TE DOMIAIN -9"MOkii FFTN 0

5F OUTER REGION - PF5. 295Xe31HAVER . DEPFT of St AnIL IhCLE #FLO. 2v

C WK WAVE H.
C ALFHA-- WAVE AVGLE OF INCIVENCE
C Dl- W(TER CEIETH OF OUTER IkEGIOeN
C D62 INCREMENT IN ANGULAR 111AECTION

IF (IF R .HE. I) GO TO 2013
PRINT 2010

2010 FOFRMAT'0X.SNHIFUT DiATA CHEC-ECmc F;i.i-

2014 FORMAT (// ilX ,66
2013 CONTINUEiREAt(5v300)TAX. THIN sTIJEL&1I I 1

IF(IF.E0O0 TO 3020
PRI14T 30OwThA>vTMINpT1'ELT. IK

300 FORMAT(3F10.2,I3)
3020 XK(l) ::ThIN

D'O 320 J z )I
J1 1 j - 1

+(C1 TIIELT
320 COOTI(JNUEKJ

R(EAD( 4305 )IFC. IFPAXP ISFPTv IDPC1 ISF TEIE-CH, Il4UG(. , IbUOC. Il'ULL
305 FORMAT(9I:)

IF(IPR.EQ.0)GO TO 3010
PRI1NT 305,IPCtIFPMAXISPTIDPCISF'TEIDL$,iplUGAIl'UGG.IbUGL

3010 IF(IFC.EQ.0)GO TO 3000
READ(5r306)(NSP(J)vJ:-lISPT)
RE.'D(5,y30)(SPE(J),J~1,ISPTE)

* 306 FORHAT(1615)
IF(IFR.EO0)G0 TO 3000
WRITE(6,306)CNSF(J)vJ-loISPT)
WRITEC 6,306) (NSFE( J) -I, ISFTE)

3000 IKT :IK
DO 99 IK v IIKK

K r(2.*AI )/(XK(IK)*SQRTCDI*32 .2))
WRITE(6t73) X(K(IKflWKjm 73 FORIATCIHlp//p25Xp24HWtAVE PERIOD IN SECONDS :oFl0.2,24),YN9WAVE NO

IF( IK GOT. 1) G0 TO 98
CALL INPUT2( XpYsNOt'pNCON
1 ,N4ELEtNNODNIIRPNCSPNEOTNSAINDpNCS2,DD, IDFCiDM. lOCH)

CALL BAND( MCON
1, NELEpNNODvNODRpNC~ ,NEOTpNBiA1DtNCS2)

98 CONTINUE
CALL ASEh1BK(XYNCONSYSKSYSO,SYTP,NLGL

IPNELENNOIINODRNCSNEQTHDANDNCS2,DDi NELE3
1 PNLGPIDPCPIBUGA)
IF(II'UOA.EDO)GO TO 3050
WF:I TE <6,3S0)

350 FORMAT(//vlXp13HELI( ASSEMB'LED)
30:;0 CONTINUE

CALL GSPK(CSYTPtX)J, XVpX :Nr AI4OL
1 ,N4ELENNIOEINODRNCSPNEOTHIIANDNCS2,N4ODR1,VJYYrNLCI., IDUOG)

IF(IBUGG.EGO)GO TO 3060
WRITE( 6i355)

3!0 F0FMAT,//tlXp13HOSPK COMPLETE)
3060 CONTINUE

CALL LO.AD(SMSYS0.XJpDHtANGL
1,NELENNODNODRNCSNEOTNANI,NCS2,NODRIl'BUGL)
IF(IbUOL.EO.0)O TO 3070
WRITE( 6,37S)

375q FORMAT(//wlXt13HLOAI COKPLETE)

Figure 28. (Sheet 2 of 23)
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3070 CONTINUE
C A~L L E. A SOL E S1eu, SSC P STMFP NLG vKA N UMEKI Pu4L~~ N'EOT P

I NLGGiSYTF FNLOLFTEMF')
WRF.IT~E (6i20)

*40H THE SOLUTION OF THE SYSTEM /PA:;Xr40(1HO)///
l,'l17:,HELE;ET'Xi13HA(lFLIFICA~TIOH 19:,HVELOCITV,4),7HELEmENqTp5X
213HwIFLIFICATION) 19x(aHVELOCITY,/4:(,2HOR,11,6HF.)CTOR,16Xip

31Hc(FNE ,s:,9HMA6HGITuIIE,'j):i:HOR,1l):6HFACTOK,16XU

410HCOi F-ONENTS,):,9HIPGH ITUIE,/2):,4HN DrEr4):r4HliliG. 18)*:,;HFi4ASEp9XP

DO 22 1* 1PNELT
AR -RECL(SYSO( I)
*i I AMMAG(SYSC(I)

6F(I )-S0RT(AR4~t2+AI**2)

AF(I ) AF( I)/2 .
22 CONTI11JUE

G= 32 .2
110 1014 L 1PNELE
10 1008 J=1I3
NK ( .J MCON (L J)

4006 CO0NTI RUE
I1 -MR (1I)

1 3-MR (3)
y 1 _7 I11

Y2=Y 12)
Y 3 V 13)

U L1 z'(3-y)2
b2: Yl-Y3
L3- Y2-"Y I

C2= X3-Xl
C3- X 1- X2
AREEA 0.'j*(Bl*C2-F2*Cl)
FACr 2 . AREA/G
LUM-L
LUMiI 34.LUM-2
LU0I2 :3*LUil-
LUM3 3*LUM
IV) L I -141/FAC
1,')lL2 z-B2/FAC
1'Y1L3 -lB3/FACil2 C/A
t'V2L2 .- C2/FAC
t'V2L3 --C3/FAC
IF( A~REA .GT. 0. )GO TO 4009
WRITE (6,4010) AREAFLUM

4010 FORhAT(1XP,21H1'EBUG ELKK 100P AREA -rE12.:ip6H (Trl~r11H'TH ELEMEN
1T)

SOP
4009 COnITINUE

*SYTF'(LUI.1)- 00l0)EVL
SYTF(LUil) : SV(TP(LUMI) + tIVILl
SYTV(LUh2)-- (0.0,1 .0)*.I'V2L2.-
SYTF(LUI;2)- SYTFLUk,2) + tIVIL2
SYTF(LUiI3)- (0.0,1 *0 )*tV2L3
F. YT F(L U M 3 SYTF(LUIM3) + IIYIL3 -

4014 CONT I UE

* i ,I DMA- 2!.*F.I/XK\( K)
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* DO 250 J=1,NELE
110 260 L1,P3
N=NCONC J,L)

£60 Z (L )oAF()

V (J) =0 *0

[10 270 L=1,3
K11-1\ 1 1+1
DVI REAL( SY'TF'(Kll))
t'V2! AIMAG( SYTF'(1N1)

270 V(J)z V(J)+t'V2*.Z(L)
U( J )=-U Ci) / StCLIMA
V(J) -V(J)/SIGMA

250 YC(J)=SORTcU(J)AU(J)+V(J)*V(J))
IF(IFC.E0.0)GO TO 502

30 FORe.AT(/p36Xv61HELEVATION AND' VELOCITY FOR SELECTED ELEVATIO1N STAT
1IOHS(MOE9) //I)

110 500 I1 IpI SPTr 2
II I + 1
J r SP(I)
IF(II.GT.ISFT)GO Ta 501
Ji - NSF(II)
WRITE (6y25) JPAF(J) PAT(J),U(J),V(J),YC(J),JlrAF(Jl) .AT(Jl) .U(J1).

1V(J1)vYC(J1)
GO TO 500

S01 WRITE (6r24) JthF(JhrAT(J)rU(J).V(J).YC(J)
Z00 CONTINUE
502 NSal- 2ANSK(IF

IEC IREEIFT.*EO.1) WRITEC 6. 505) NSIFI
505 FORMAT(///y39Y.t32HELEVrATION ANED VELOCITY AT EVERY 0119H-TH NODE

1OR ELEMiENTY///)
1'0 "00 I 1PNNODi.NSK2

IFI.TNO)0TO 410 CI IFI)T() UIt

10WR:ITE (6v25) I.AFCI).AT(I)vU(I).V(I).YC(I)IYA()ATI)UIp

GO~T 4140

410 RIT (624)IPAF(I).AT(I)rU(I)PV(I)tYC(I)

DO 41 ImNIlETF

J2 I 42NSlF

L F(I2.GT.NELEJ2O TOELE
WRITE (6P25)(JUF(I))V(J),YC(J),J-J1,J2,NSI)lA(ItTIrU1

411 CO4T I HUE

WRITEC6v6. 11)
21 FORliPAT(////,43x, 49NVELOCITRERY FOR22-T S RECEMAVLITYN STATI 0

Fiur 2. Shet4 f 3

NEC.T NE T +0
M SK 3 kN~i49

DO 0 ETE~NK

................ I + . . . .I
lF JT.E E j -.. . . . . . . . . . . . . . . . . . .



ICNS(ELEMENTS) ,//)
10 51S I11,IS5FTEt3

III +
NSPE ( I

IF(II.GT.ISFTE)GO TO 516
Ji I SF E( II )
IF(III.GT.ISF*TE)GO TO 517
J-- NSFE( III)
Wp,,ITE(6,222)JU(J)rV(J),YC(J)vJIvU(J1)vV(J1)rYC(J1):J2rU(J2)PV(J!)
1 YC ( 32)
(30 TO 515

516 WRITE (o,223)JvU(J) ,V(J) ,VC(.J)
GO TO '15

517 LRITE(6.221)JsU(J) ,V(J),YC(J);JltU(J1) PV(J1) ,YC(Jl)
S 115 CONTINUE
221 FORMAT(lXp2(I5pl~,3El'.5y2:))
223 FOR -i(T(1X,1(I5plXv3E1-.5p,))

2071 FORMAT(9H SOLUTION)
2022 FORMAT(4(1X# 14,IXp2F7.3))
2023 FORMAT(5(2XrIivlXvF8.3))

23 FORMAT(/,60XP13HSOURCE FOINTSu/)
24 FO0R M AT ( 1X ;5,5E 12. 5)
25 FORMAT( 1):,2( I,5El2.5))

520 1IF I PIC . NE . 0) OR I (IF AX .WE . 0) )CALL C PUNCH(1\ NODPT r I P KAX r AF I Ur V I NNODOD
1 ME LE P METx , XI i\,NSP IS Fr,1PE R vI D)I P C7N SPE ISP T E 1K T

99 CONTINUE

V[IECK CFUN
SiUBROUTINE CFUC(O,'PFMl)P~~~t\IOrE~HCP:r~l'PIP

I, IPERY Illy IF'C , SPEt IS'TE7 INT)C* 3 * vttl 44,341* A *~ficts* 4
C THIS SUB~ROUTINE PUNCHES CAFRDS FOR AMPL.IFICA~TION AND VFLOCITY

IIMEMS10h AF(NIEOT) ,U(NELE),V IELE),X(K(25) .ID(20); ISF(100) ,IPER(5),
1AFT(5),NSFE(100),UT1(3)rVTI(3)
WRITE (6 il~l)

101 FORMAT( 4H -'C
WRITE(6)10)ID

10 FDRI1AT(2O(A4)
IF(lF'C.EQOo)GO TO 999
WRITE (6vS0) ISF, ISFTEP IKT

50 FORMAT(lXP315)
1SF ISFT/S
FISPT FLOAT( ISPT)
FISF* FISF'T/Z.O
I F (F I SF.GT.,IcF15F I -S ISF+l
lCOUN'T - 0
31 0
32 -0

10u 110 1 1 pI SP
ICOUNT 1COU14T +1
31 - 2 + 1

J 31 + 4
I FJ 2 .GT .ISF'T)J2 ISFT

10 112 J J19J2

1. SF j)

WRITE(6tl1)IOKT)K K, i.TN ,*',l

11I(C CONTIN4UE.-
I SF E I SPTE /3
F ISFTE =FLOAT (I SFTE)
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FISPE=FISPTE/ 3.0
IF( FISPE .GT.ISF E)I SFE :SF*E+1
Ki . 0
K2 0
ICT 0
110 120 I:1u rI SFE
ICT ICT + 1
NI K 2 +' 1

$A 2 I + 2

IF(1\2.GT.ISF'TE)N2 ISPTE

1' 113 N- KlrK2

J r NSFE(K)
U TI( MI U(J)

113 VTi Gi1 V(J)

114 FORMrtT( IXIIF1O.5,v6F11.*4)
120 CONT IN1UE

WRkIT EC6 91 50)

150 FORtIAT(1X)
WF:ITE(67102)

102. FORMAT( 4H -L)
IF(IFMAX.NE.0)GO TO 1000
RETURN

99IF(IFMAX.EO.0)O0 TO 2000
1000 IC :: 0

WRITE 6i 1010) CIPER(I)PI , V15) ,XK( 1K)
1010 FORMAT C Xi5A4,F10.5)

ID 1100 I:1,HNNOD,11l
IC-IC + I

L2rL1 + 10
IF (L2.GT.NNOD)LZ - NNOO
WRITE(6v20)ICPCAF(L)vL'LlsL2)

20 FORNATI 1X'14.2X.11F6.3)
1100 CONTINUE

110 1200 1 = 1PNELEP5
IC IC + I
Li 1
L2 Li + 4
IFCL2.GT.iqELE) L2 = NELE
WRITE(6,30)ICCU(L),VL)L:L1,L2)

30 FORNAIC iX: 4y2X:5C2F7.J))
1-00 CONTINUE

WRITE(6' 150)
2000 WRITE(6l,102)

R:E T URN
ENDI

*f'ECK INPTP
SUBROUTINE INFUT2( XYvNOI',NCON
1, NELE, NNOrI' NOEIiNCS' NEOT r ICBANL' ,NCS' , D, It'FCv OMy IlOCH)

C THIS READS THE INPUT DATA FOR 3-MODIES TRIANGLE ELEMENTS

COMMOL/14/ WKvALPHA P EllDA2 FIIA P RR, WRsXLYWLvRKHF-,NKL
£'IIENSIONXNO)iYNO) 0I(O)rCO(Er),DNLE

C NO'( I )rEXTERNAL NODE NUMBER. IEP ACTUAL NODE NUMBER ASSIGNED
C XCI), YI): X-P.N4D Y-COORL'INATES OF NOIICI)
C NCONCMvN) l-TN-ELEMENT NODAL C014NECTIVITlESE N--I-J-N

NQDEB1-NNODi-NOER+1
NOL'b2* NIOII-HOtiR

IF CII'PC .ME .0 )tt( I)- IFMS
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NOD(I) =I
II I-r, I iI+I
NrI 11
(,.1,- (: I-1 ) 4. DA2 -

3:1 FRYCOS(AAD) :
l',I 4R 31 H A A 1AD

18Cc'. 'I NUE

I.',LL C .'EFTH(IDFC biD NNOI, NODB2 ,NEL.E I DCH)
10 31, I- 1,NODB2,2
1.!- 1+1
IrI.E,.r!ODB2) GO TO 3314
I:EAt' (4,316) NOD( ,(I) t)>(I) Y(I) ,HOEI(II) iX(I ) rY(II)
GO TO 315

3 1 : CONTINUE
IF(IDCH.EO.1)PRINT 316, (NOD(I)X(I) ,Y(I) p=-INNOD)

316 FORMAT( 2(110,2FI0.2)
3316 FORNAT( lO,2FI0.2

IF(IDPC.NE.0)GO TO 400
LiI ) 11I,(I)/DM
110 60 I-,NELE

60 CONTINUE
GO TO 70

400 D1O 56 I 1 lpNNOD
DD,(I) - DjD(I)/[DK

56 CONTINUE
70 DO 415 L : lNELE,4

L1% L
L2m El +3
IF(L2.GT.NELE) L2r NELE

415 FREAD(4,416) (H(NCON(LLrJ),J=-1,3),LL:-L1,L2)
416 FORiAT( 4(.X,3I5) )

lF(IDCH.EQ.l)PRINT 416,( (HCON(LJ) tJ..1 3) ,L::I,NELE)
RETURN
END -

*DECK DEPTH
SUBROUTINE ODEPTH(IDF'CD1IN'4lODNOIIB2:IELErIliCH)

C**#4 t
C THIS SUBROUTINE READS DEPTH AT EACH GRID NODE FROM CARDS OR USES
C SPECIAL PROCEDURES TO READ AVER. DE'TH FOR EACH ELEMENT

DIMENSIOH DD (ELE)
IF(IDPC.NE.O)GO TO 1000

C SPECIAL PROCEDURE FOR INPUT OF AVER DEPTH FOR EACH ELEHE1T
DO 100 I m; 17121

1,0(I) - 24.
100 CONTINUE

1.0 101 I-122-125
D11](I) : 24.

101 CONTINUE

['0 102 1126,318
lI ) - 24

102 CONITI UE
110 103 I 319,336

D' (I) = 24.
103 CONTINUE

l10 104 I'337,360
['['(I) : 29.5"

104 CONTINUE
110 105 1 361 v371
11(I) = 24.

10 CONTINUE
I0 106 I-372P385
II,(I) = 40.

.10. CONTIN1IUE
,O 107 1-386,529
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DD(l)-21.
107 CONTINUE

DO0 108 I-530.2232
Dt() 38.

108 CONTINUE
DO 109 1 m 223ZP2333
D~D() -42.

109 CONTINUE
DI(2334) 38.
IF(ILDCH.EG.1)F'RINT 2010. (DDl(I)uI 1.NELE)

2010 FORMAT(//P 12F10.3))
6O TO 2000

C READ DEPTH A T EACH NODE FROM CARDS OF FERM FILE
527 FORMiAT8IrF5.0))

1000 READ(4#527) U .DD( I). I';1 NODb2)

2000 RETURN
END

*DIECK( &AND
SUBROUTINE BAND( NCON

1, NELE. NNODPNOOR. HCSP~NEOT ,NDAND .NCS2)
DIMENSION NCON(NELE;3)

C THIS SUBROUTI14E DETERMINES THE BANDWIDITH FOR TRIA14GLE ELEMENTS

MPS:: NODR+NCS
KNAX = I
DO 74 L:-1 vNELE
IMAX.:NCON(Lt1)
IMINtHCON(L. 1)
DO 72 K:-lv3
IF(NCON(LPK) .LE. IMIN) IrtIN=NCON(LPK)
IF(NCON(L.K) GOE. IMAX) IMAX:NCON(LK)

72 CONTINUE
KK =I MAX-IN IN
IF(KK GOT. KMAX) KiHAX KK

74 CONTINUE
MD AN :KMAX +
NBAND * AMAX ( MBANIPsMFS)
WRITE C6.84 )ND AND. MDAND. PS

84 FORMAT(////lXY40(1HO)P/12H BAND WIDTH=pl~./27H DA14D WIDTH W.R.T. E
1LEKENT FI5P/34H DAND WIDTH W.R.T. SOURCE + BDAR'Y -rIjr/I):40(lHO)p/
2)
RETURN
END

*DECK ASDK
SUBROUTINE ASEMBK(XrYrNCONcSYSKlSYSQ
1 PSTPMGL
INELENNO0DNDt'RNCSNEOTrNDA1ND.NCS2.DD. NELE3
I ,NLGGvIpFCpiDuG)

C THIS SUBROUTINE ASSEMBLES ELK(IPJ) --- ELEME14T--- I14TO SYSK(ItJ) -

C - SYSTEM --

C ELKn ELEMENT STIFFNESS 14ATRIX 3 BY 3
C SYSK'z SYSTEM STIFFNESS MATRIX MEOT DY MDAND

COMPLEX S'SKrSYSaST
COMMON/ID/WKALF'HeD1 vDA~2tDAA4,RR,&WFXLtWLPRKHF.H(L
DIKiENSION X(NNODI) Y(NI'lD)PNCONq(NELE.3) .SYSOCNEOT)
COMMON /NEW/ NIUMN.LKNILG.MLOL.LI.LO.L4.L3
DIMENSION NR(3) .ELKC3p3) sOOCNELE)
EIOEMSION MR(3)
DIMENSION ST(NGLP.NDAND)

C CHANGES
DIM~ENSION SYSKCNLGO.NBAND)
LEVEL 2PSYSKPSYSOPST

Figure 28. (Sheet 8 of 23)

53



DO 122 I=1,NEQT

L2 .0
C CHANGES

L3- KNLG4i NPAW'1*2
LO=NLG 2
110 SEE 10- 1,HUMEILK
LEN NLG
IF (10 .EO. NUME1LK) LENWNLGL 0
L2-'L21-LEN
Ll: (IC-U1:H4LS+1

DO 12 I-ArLEN
C C1'ANGES MADE

DO0 12 J 1.NBAND
IF (IQ .NE. NUMEILK) GO TO 7176

GO TO 12
7176 CONTINUE

SYSK(IpJ)1* (0.0t0.0)
12 CO0N4TI HU E

11O 23 L1.lNELE
IGO::1
DO0 14 J=1,3
MR (J)=0

NR(J):. NCON(LYJ) '
IF ((NR(J).LT.L1).OR.(NR(J).GT.L2)) GO TO 14
IGO-2
MR (J )4I

14 CONTINUE
IF(IEIUG.EO0)GO TO 1000
WRITE(6p10)(NCON(LJ),J 1,3)

10 FORMAT C1X,4H**A,3I104H*,***)
1000 GO TO (25v44)iIGO

44 Il:-NR(l)

12=NR (2)
I 3=-R C 3)
Xl -X CII )
X2=X( 12)-
X3:.X(13)
Y1:-Y ( 11)
Y2 Y (12)
Y3=Y (13)
1F(IDFC.KNE.0)GO TO 210
D9 = 110(L)
GO TO 200

210 E111. 111(11)
D'12=DDt( 12)

D9 = ( 1111 +D 12 +1113) /3.
IF (L.*GE. 1435.*AND.L. LE. 1571)09=0.5

C*****4**ttSPECIAL STA~TEKENTS MAY BIE ADDED TO COMPENSATE FOR **4**
C******X**9** AVERAGING P'ROCEDURE, FOR EXAMPLEP AS ABIOVE-- *t*****
C*** IF(L.GE.1435.ANt'.L.LE.1571) 119 - 0.5

200 11IN -- .0 AA*:*
CALL ELMKl(X1 vX2,X3,YY ~2pY3iWK~tD9rtIJNiEL.KrtREA*,L, NELE3)

IF(IEIUG.EQO0)(O TO 1050
WFITE(6tl15) ( LKMN N-,)I-13

15 FOF.,AT6bE15.6)
1050 00 20 1%19.3

1D0 18 J-19~3
IF( kR(J)-Nk(I) .GE. 0 ) GO TO 16
IF (MR(J .E0. 0) GO TO 18
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LR-NR(t)-NR(J)+l 
-

IF (10 *NE. NUMI4LK) GO TO 7177
ST( ii LR)-ST (JliLR) +ELK( I.J)
GO TO 18

7177 CONTINUE

GO TO 18
16 IF (MR(I) .EQ. 0) GO TO 19

IF (10 *NE. NUNB(LK) GO TO 7178
ST(.J2yLS) 'ST(J2iLS)+ELK( IJ)
GO TO 19

7178 CONTINUE
SYSKlJ29LSI: SfSKJ2,PLS)+ELK(IPJ)

18 CONTINUE
20 CONTINUE
25 CONTINUE

IF (10 .EQ. NUMlILK) GO TO 889
L4. IO4IO
CALL ECWR(SYSKPL4tL3eIERR)
IF(IEFR.EQ.I1G0 TO 999

888 CONTINUE
544 RETURN
999 PRINT 777
777 FORMAT(20H WRITE ERROR IN ABSK

STOP
ENDI

*DIECK GSPK
SUB4ROUTINE GSF'K(SYSKXJiXYrXHPDH*ANGL
liNELE.NNODNOIIRrNCS.NEQTPNI'ANDNCS2t.NODR~vVJYYiNLGGP1DUG)

C CHANGES MIADE

C THIS SUB~ROUTINE OBITAINS MATRIX K2 + K3t AND STORES IN THEIR
C CORRESPONDING ADDRESSES IN SYSK(IPJ)

COMPLEX XHPDN.TlipSYSK
COMKiON/DB/ WI PALPHA,1I1rDA2rD(A4RRWRrXLPWLPRKHPiHKL
DIMENSION SYSK(NLGGNIIA1D)t):J(NCS),):Y(N'CS),X H(NCS)PDH(NCS)

1, ANGL(C ODR 1)
DIMENSION VJ( 1) VY( 1)
LEVEL 2;SYSK
COr.I*1ON /NEW/ NUMBLKpNLGpNLGLpLllpLS
1 eL~yL3

C OBTAIN BESSEL FCN XJP<YPXHPDH

WR= WC.*RR
XL- RR*1IA2
WL Wl\*XL
DO 12 Ir1,NCS
II~--
FNU. 0.
CALL VESSY (WRFNU, II VJP VY)

XJY(I); VY(I)

IFIUG.EQO000 TO 120
URITE(6,20) XJ(I) uXYCI)

12 CONTINUE
110 15 I-1,NCS
XN.: FLOAT(1-1)/WR
XH(I)-XJ(I)+(O.O,1.0)9XY(I)
IF( I NME. 1) GO TO 9
DN(1)--xj(2)-Co,1p.o)fXY(2)
GO TO 10
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9 DH (I) -(XJCI-1)-)[N*XJ (1))+C(0.0, 1.O) *(XY(I-1)-XN*XYCM)
10 CONTINUE

IF(IBUG.EG.0060 TO 15
WRITE(6P20) :(H4 I) DH( I)

15 CONTINUE
20 FORMAT(?N GSPK BY~ ,4E1S.6)

1520 FORMAT (20H BLOCK ERROR IN GSPK t15)

C STORE THE UPPER TRIANGLE ELEMENT OF K2 IN CORRESPONDINS ADDRESSES0
C IN SYSK(IpJ)

RKHPz 3.141Z9265*WR*l'
DO 3B 1- 1#NCS
I11NNOD+I-L11
NLLL-.1
IF (I1.LE.0 -OR. I1.GT.NLGG) GO TO IZ51
cx-:.'~ 5
IF(I.EO.I) CX -1.0
SYSK( 11,1)r SYSK( 111) +CX8RKNP8:XH( I *DN( I

38 CONTINUE

c STORE K3 IN CORRESPONDING ADDRESS IN SYSK(IvJ)

DO 40 I.:1uNODR1
40 ANGL(I)-*(I-1)*DA2+DA4

HKL'zWL$D1/2.
Ni -l4NOD-HODDR
DO 48 1I1IuNODR
II = NI +-Li 1
NLLL=2
IF (II.LE.0 .OR. II.GT.NLGO) GO TO 1551

NODRI- NODR+1-I
DO 48 J::1,NCS
JJ=NODRI+J
IF( J .GT. 1) 00 TO 42
TM *NKL*DH(1)
IF(I .GT.1 .AND. I.LT.NODR) TM'*2.0$TM
00 TO 48

42 J2rJ-1
IF(I.LE.1.OR.I.GE.NODR) 0O TO 51
A1<-ANGL(I)*J2
A2-AHOL( Ii )J2
TM-HKL*8DH(J)*(COS(A2)+COScAI))
GO TO 46

51 IF(I.E.NODR) GO TO 52
A1.-ANOL(I)*J2
TM=HKLtDN( J) 8COS( Al)
0O TO 16

52 A2;-ANGL(1I)8J2
TM=HKLtDH(J;sCOS(A2)

46 SYSK(11#JJ)' SYSK(IIPJJ)-TM
49 CONTINUE

IF (NUMBL( EO. 1) RETURN
L5 .NLGG*N9bANlD42
L6-L4+1
CALL ECWR(SYSKPL8pL:; IERR)
IF(IERR.EQ.1UGO TO 2000
IF(XIUG.EQ.O)GO TO 3000
FRINT 1018p (SYSK(I.1)pSYSK(I,2),I: INLGG,4)

1018 FOR14AT (1Xe4G14.3)
3000 RETURN
2000 PRINT 99
T?9 FORMAT (20H WRITE ERROR IN GSPt(

STOP
15'1 PRINT 1'420p NLLL
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STOP

END'
*1 ECK LUAD

SUB4ROUTINE LOhD(SHSYSOXJDNANGL
1,NELENNODN0DF',NCSN'EQTNtBAHDNCS2,NODR1IIBUG)

C THIS SUBiROUTINE GIVE.S LOADING TERMS 2 SYSO(I)

COMPLEX DUMYYSNSYSODNTNCNIDUM2
COMMON/DlW WKALFPHA.D1,0A.2,0A4,IRRWRtXLWLRKHPFHKL
DIIKENSION SMs(NODR1),SYSC(i4EOT),DH(NCS),XJ(NCS),ANOL(I4ODR1)
LEVEL 2psysa
OWL 0.S*tI14WL

C S * 4:*44:4 :44:**4* * ** 1: *** ***4****4444*44444

C CALCULATE LOADING TERMS W.R.T. 1NODAL POTENTIAL + STORE IN SK(I)

C AND THEN IN SYSO(l)

DO 12 I1NOORI
TNETA ANGL(I)
CX-COS( THETA-ALPHA)
AUG rWRtCX
DUMY)':COS(AUG)+(0.O,1 .0)451N(AUG)
C2=COS(THETA+ALPHA)
AU2 WRs4C'
LU2COS(AU2)+(0.O,1.0)4SIN(AU2)
SM(I):DWL4(O.O,1,O)4(CX*DUMY+C2*DUM2)

12 CONTINUE
IF(IlBUG.E0.0)GO TO 100
WRITE(6v8) (SM(I) ,I'1vODR)

8 FORMAT(//,(7El5.7))
100 N1 - NOD-NODR

D0 16 I::1PNODR
Il=Nl+I0
IF(I.EO.1) 0O TO 14
IF(I.EO.NODR) GO TO 15

GO TO 16
14 SYSO(I1 )-SYS0( Ii)+SM(1)

GO TO 16
15 SYSOC 11)-SYSO( Ii)+SK(NODR1)_
16 CONTINUE

IF(IBUG.EO)GO TO 110
WkITE(6v8)(SYSQ(I),I N~vNNOD)

C CALCULATE LOADING TERMS W.R.T. SOURCE.S AND STORE IN S(SO(I)

110 RKHP2.-2.0*RKHP
DO A0 1:1,NCS
NNI: NOD1+I

AI-ALPNA*II
CM- CO.0.1 .0)*4411
TM-Ch*XJ( I) 4'H( I)*COS( Al)
SYSQ(NNI): SYS0(NNI)-RKHP2*TM

40 CONTINUE
RETURN

*EECK( ELMT
SUB4ROUTINE ELMtKCX1 X2,)3,Y1 Y2,Y3,WI(,DDIHELKAREALUM,

INELE3)

C GENERATION OF TRIANGLE ELEMENT MATRIX ELK
C DINu1 .0 IF IN4 OUTER DO0MAIN? D:D1ll HELMOTZ EQ.Co
C DIN: 0.0 IF UNDER FLOATIfHG 10DY? D;,D2r LAPLACE U
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DIMENSION ELK(3,3) 0
DO 8 I~lt3
DO 8 J'1eP3

8 ELK(C19J) . 0.
Biz 'j-Y2
B2 r Yl-Y3
b3z y2-Y1
C1= X2-X3
C2-z ,3-XI
C3-* XI-X 2

G=32.*2
FAC.-2.$IARE(/G
LUMI1 3*(LUM-2
LUi42-3*LUJI- 1
LUM3:13*LUM
IF( AR:EA Gl1. 0. GO TO 10
WRITE(6p100) fAREAtLUi

100 FORMAT(1X#23H DEB4UG ELMK 100p fARE(P :vI.p ATP15plIH-TH ELEJIE
INT)

STOP
10 A4=4.$?AREA

WrVDz-WK
WIK=WK/SGRT(D)
WKA:= DIN*WK*WKttAREA/12.
ELKC 1 ,)= ((Bl*B1+C1*Cl)/A4-2.tWKA)*D
ELK(lr2)= (D1*B2+CriC2)/(A,4- W.KA)*D
ELK(lr3)= ((D1IK83+C!.'C3)/A4- W KA)* D

C ELK(2p1)=ELKC1P2)
ELK(2#2)= ((I2tBi2+C2*C2)/A4-2.$WKA)*D
ELK(2t3)r ((B2*B3+C2*C3)/A4- WKA)*D

C ELK(3 1)-ELK(1#3)
C ELK(3.2)::ELK(2v3)

ELK(3t3)n ((B3*B3+C3*C3)/A4-2.$WKA)*D
WK =UKVD
RETURN
END

*DECK l'ESY
SUBROUTINE DESSYOX#FNUtNv8J#BY)

C IESSY NYU MATH UTILITY SUBROUTINE FOR BESSEL. Y 3/13/64 F. RAGUSA
DZIMENSION BJ(1)yBY(1J

C DIMENSION BJ(1)PBY(l)
EQUIVALENCE(FMPMF)

C
XSAVE; X
M1=N
MF 13 1070
BJ ( 1) -:FM
CALL IESSJ(XPFNUFNPBJ)
DY (1)1'FN
YNU- DY (1)
N z141
DY (2) X
X *X SAVE

C
N N I A S (N)

CONST.2. /X
FI='.314159265E+01

30 X10,X+25.0

N10-NM+1O
M- MAX0(K1ON10)

C
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IF (X -1.0) 1, 1.
1 I.F'172!.6938S/C3.688795-ALOG(X))

GO To 2
3 KPn39.0*X4:*.3333333

M=.I-IM0(M, KP)
2 M- fi/2

ARG- FNU*PI
GARG-GAMMA( 1.0+FNUt0. )**2

C
C COMPUTE GAMMA ZERO EOU. I~rPG. 5 P IF NU;-0 USE EGU. 16.
C

14 IF(FNU) 15,16P15
15 TERM ;i.0./PI)* CONST **C2.0*FNU)

GAMl-COS(ARG)/SIN(ARG) - TERM*CGARG/FRU)
C COMPUTE GAMMA ONE -OR NU NOT EQUAL ZERO.

GAM2:2.0 * TERM * GARG * (FNU+2.0) / (1.0-FNU)
GO TO 10

C COMPUTE GAMMA ZERO AND ONE FOR NU EQUAL ZERO.
16 TLOG --z ALOG(X/2.0)

A- 577215 664E+00
PIH~z2.0/PI
GAM1l.PIHt:(A+TLOG)
GA;H2'4 .0/Fl

C
C COMPUTE GAMMA, YNU. AND EY(I)v AND BY(2)
C EQUATIONS 15917F AND' 18.
C

10 B (,.) ::0.0

GAM3::0. 0
El--(I.0/PI)tCONST **(1.0+2.0*FNU) *GARG

El -CAM1-GAK2/2.*
E(Y(2):E1*.SJ(2)+BY(2)
YNU 1GtAMl*1J( 1)
TXNU:3.0$FNU/X
Al4 APS(BJC1)) -. 000005
12=1
MF1:-M+1

['0 11 1;-2tKF1
12 12 + 2
FI I
FIN ~.1-1
F12 -2*1

1'ENOM FI*( FI-FNU) ( FNU+FI2-2 *0)
GAN3 (FNU4FI2)*(2. 0*FN4U+FIM)1:(FNU+FIM)/'ENOM
UAM3 z-GAK3*3AMi2
YNU =GAM2*I'J(I2)+YNU
lF(AV)S) 1,1823

C WHEN J(NU) IS NEAR ZERO COMPUTE BY(2) FROM EQ. 18YELSE EQ. 17.
C

18 EI-TXNUI.GAM2
Py(2).-E1*.J( 12)+BY(2) 0
IF(12-K) 25. 110.110

25 E1-(GAM2-GAM3)/2.0

23 GAMI mCAM2
11 £3t'I2- GAM3

C
110 BY(1..YNU

IF(rl.) 19.19.17
17 SY(2) .(YNUAlJ(2)-2.0/(F*X*))/14J(1)
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C IF N-0 OR 1 GO OUT ALL BY S COMPUTED.
19 IF(N) 30#49120
20 IF(N-1) 49949o2l

C COMPUTE Y(N+1) B4Y RECURRENCE

21 110 22 I-1.H1

22 B4Y( I+2):-CONST*(F I I+FU) *Y( 1+1 )-BIY(I)

49 RFTURN
30 IF(FNU-.500000) 04,53,34

IF(NN-1) 49p61,60
60 ARGz -t. 0

BY(3):A(RGE.!J(2)
bJ(2)-CONST*FNU*1J()-BJ(2)
AROG*-(RG
IF (HH-2) 49P51#56

56 110 55 I=:2iN1

55 ARGm-fARG
GO TO 51

54 BY(2):*CONST*FNU*BY(1)-IBYc2)
BJ(2):CONST*FNUiJ()-BU(2)
IF(NN-1) 49,49,31

51 FR(AC:.FNU
11O 52 It.1,Nl
FR(AC FRAC-1.0
8J(1+2)-CONSTI:FRACIJ(1+1)-9jc1)
IF(FNU-.50000) 59.52p59

58 14Y(I+2). CONST*FRAC4DY(I+1)-8Y(I)
52 CONTINUE

GO TO 49
61 bJ(2)=CONSTtFNUl:J()-BJ(2)

GO TO 49

*D'ECK GAIIA

FUNCTION GAMMA(UpV)
DIMENSION B4(S)
B(I)= .03S868343 _
1(2)z-. 193527818
B(3)-= .482199394
[:(4):.-.756704078
B(S)- .918206857
B(6)z- .897056937
B(7)L .988205891

A=U -
XN.:15.

1 IF(A)4,2,3
2 IF(X-1 .0)4000v4000,5000
4 Z -AINTUA)

Y=APS( Z-A~)
EF'S :3 . OE -8
IF ( Y-EFS )21 P21. P5

21 A=Z
GO TO 22

5Y-1.0-Y
IF(Y-EPS)6,6v3

6 A-Z-1.0
22 IF(X-1 .0)4000.4000,5000
3 IF(X)7tl000.7
7 IF(X-1.0)9,9,8
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p8 IF (A) 5000, 10, 10
10 IF((X/A)-1.O)10009500015000
9 IF (AI'S(A) -1.) 11,1000v,100

11 IF(X-.1)1000,12r12
12 lFCX-.2)13e14#14
13 xNz140.0

GO TO 5000
14 IF (X-.*4) 15P16P16
15 XN180.0

GO TO 5000
16 IF(X-.6)17P18,18
17 XN. 60.0

GO TO 5000
18 IFC>X-.8)19P20920
19 XN=40.0

GO TO 5000
20 XN: 20. 0

500XFT-oI/XT+1.

D00 500XN1.0IP

ANS (YXF )I.
XFT:- XP(TE/XFT+

EPS :1.OE-8

X-1.0

TEM=X
4001 Y TEM/(XMT*Xm)
4011 SUM- SUM+EX(*Y

IF CAI'SCY)-EPS) 4003PA002P4002
4002 TEM TEM*X

xM:XM+1 .0
X MTzX MT *X h
EX-EX
GO TO 4001

4003 E:-(ALOG(X)-.57721566-SUM
IF (A)4005v4004P4005

4004 AHS=E
GO TO 6000

4005 IF(A42.O)4010Y4009P4008
4008 AIS=-E+EXP(-X)/X

GO TO 6000 --

wl 4009 SUM..(1.0/X)-(1.0/(X*X))
ANS= (E-EXPC -X )*SUli)*.5
GO TO 6000

4010 EX=-1.0
N--A-1 .0
XMT: 1.0
SUM-0.0

I'D 41006 I=1,N
TEM rTEM*X
XM=I+1
Y=XKiT/TEM
SUM -SUM+EXsY
EX--EX

4006 XMT=XMT*XM
SUM zSUit+I On0/
ZE-EXP(-X)*SUM

S Y=A'S (A)0

Figure 28. (Sheet 16 of 23)
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EX--1.Q
xmT- 1 .0
N"Y
110 4007 1-29N
.M= I

XMT; Xr-T*XM
4007 EX-:-EX

ANS~wZtEX/XMT
6O TO 6000

1000 IF(A-1.0)1001v 1003P1004
1004 IF(A-2.0) 1003PI 003i 1002
1003 AT%(A-1.0

ATM '8(I)*AT
DO 1005 I=2,8

1005 ATMt (ATh+P(I))EAT
AN --ATM+1 .0
GO TO 2000

1001 IF(A)1007o100691006
1006 BN- A

GO TO 1010
1007 PH=A

1011 IF(BS)1009rl010v1010
1009 bSz8Stl.0

8IN;;S*BN
GO TO 1011

1010 ATM1 PS*1B(l)
DO 1012 I~w2,8

1012 ATMr(ATI1+B(I))*BS
ANS::(AT14f1.0)/BN
GO TO 2000

1002 BN=A-1.0
IPS-;N

1013 IF (2 .0-BS) 1015 1014 P1014

8 N B SEBN
GO TO 1013

1014 BS .8S-l.0
ATh B S *B I(1
DO 1016 I-,2t8

1016 ATMz.(ATM+B(I))*BS
ANS-:CATM+1.0)*BN

2000 IF(X)2001P6000P2001
2001 W *1.0

XM- 1 *0
SUM-: 1 .0
EPS- 1.OE-8

2002 W- (X/(A+Xri))*W
SUMi-SUM+w
XM- XH+1 .0
IF ((A8S(W)-EFS) 200392002P2002

2003 T::A*ALOG(X)
T EX F ( T - X IA

ANS:-AIS- (T*SUM)
6000 GAMMA=-ANS

FPETURN 0
END

$D'ECK BESJ
SUBROUTINE BESSJ(X ,FNUPFN, F)

C BESSJ NYU MATH UTILITY BESSEL J SUBROUTI14E 3/15/64 F. RAtGUSA

EQUI VfLENCE (FvI MF)
C

N=FN
NN=IAB~S(N)
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C WHEN BESJ HAS BEEN CALLED BY BESY FGl) WILL CONTAIN INTERGER 131070
Ffl- F( (1

IFUF.F-131070) 2plp"
I Iy; :2

2 CONST-2.0/X

c IFO):-00.0) 6vr8

ri 6 :(10=X+,!SO
K 10) 10
N10 :M11+10

40 M-tiAX0(IK10#110)
C.

Iro:-1.0) 3r3#41
3 KP:-( 172.69388/(3.6BBB795-ALOO(X) ))-1 .0

M=flIN0CMIP)
GO TO 4 0

41 KPF' 39. O*Xll .3333333
N =MI"N0 ( KP)

4 M:-M/2
43 K -2*Mi+l

K3: K+2
F(K2!)- 1.0E-35
F 0.3) -0.00

DOS L1,pK

FLI=I
5 FCI )-CONSTS(FLI+FNU)tF(1+1 )-F(I+2)

C FIND ALPHA EITHER FROM FEUA. 12PPAtGE 4 WHEN ) IS LESS THAN 8.0
C OR FROM IESSEL FUNCT. FOR. LARGE AkCUMENTS WHEN ) IS -OR GREATER.0
C

IFO:-1o.0o 7PS89
7 PHI-FPIU+2.0

ALFlPHX*F(3)4F(1)

C

FM2 :2* 1
FMI1 -2
Fl-I
TEMP-((FNU4Fi2 )I(FNU+FM1)I/(F I (FNU4Fli2-2. 0))*PHI
PHI -TEMP

15 AL.F PH I*F (MO) +ALF
C

ALF-CO1STaFNU&G(.HMAir(FNU41.0,0.)*ALF

11=1
C
C FIND J(N) EQUATION4 7PPAGE 3pWHEN K LESS THANH 10.0
C OR J(2)pJ(3)y ... rJ(f!).F(2)/ALPHAv .. oF)/AL'HA WHERE
C ALPHA:F(I)/J(1) AMD J(I) A$COS(PHI) FROM PATH 8.
C

16 D017 I llrK
17 F(I) 'F(I)/t)LF

C TEST FOR NEGATIVE N AND' RECOIKPUTE FS B~Y RECURSION.
IF(M) 18,22.22

19 F(2)-COMST~ffNUfF(l)-F(2)
IFUH-1 22,22,20

2 20 FRAC FMU
H1 IqN+1
V0 21 L-3.Nl
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FRAC=FRAC-1 .0
21 FkL ) COt!STAFRACAF(L-l )-F(L-2)

c IF ENTRY WAS FROM £4FSY RETURN A VALUE FOR Y(1) IN

C PLACE OF N.IY WILL P4E EQUAL TO 2 IN THIS CASE.

C
22 6O TO (24923)IIY
23 Fm~ YI

X=Y2
21 RETURN

C FATH S. WHEN X IS GREATER THAN OR -1*0 10.0
C COMPUTE J( 1) FROM M.GOLr'sTEIN PAPER BESSEL
C FUNCTIONS FOR LARGE ARGUMENTS.
C

8 ,OUNT- 1
GNU-FNU
CO *25

C 1 .1:;625
C2 --. 375
C3 - .1171875
C4 :~-1.15625
C 5 1.875
C6 :. 95'148437E-01
C7 --2.38671875
C 8 :14.2265625
C9 --19.6675O
CIO:~. 8O9326171E-O1
CI I -. 410058Zj93E+OI
C12' .5822146093E+02
C13.:-277.8750O
C14 354.3750
C15-.416666666E-01
C16t-.25
C17::* 125E-1
Cl8m -. 350
C19 .S58035718E-03
C20O-- .424107142E+00
C'1=:3.*602 67 857
C22:-:;.625
C23- * 30381944E-02-
C'24;-.486111
C 25- .102 864583E+02
C26- -58.0
C27-78. 75

9 ALI: GNI**2-.!25
A2 -CO*ALl
A4 :C1*ALI
A4 0(A4+C2)*ALl
A6.=C3*ALl
AL= (A64C4 )*ALI
A6= (A6+CS) *AL1
AB-C6*fALI
A8=(o8+C7 )*ALl
AB=((A8+CS )*ALI
AB-(,IBtC9 )*AL1
P-10 CIO*ALl
Al - (Al0+C11 )*ALl
AO' ( AI0+C12)*ALl

(10- (AIO+C13 )*AL1
A1O (Al0+C14)*ALl

Fl * 314159265jF401
TS- 1.0/X
T2-TS**2

C
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13=AlO*T2+AB

P.-1*2+A4
?= 1F*T2+A2
riu -Ei r2+ 1 . 0

Ai4U- B14U/SORT( .5*FI*X)

C PAGE 20P EQUATION 12 TO GET PHI ZERO
c

A2=.* ALl
A4.:CiZ*.)L1
A4:= ((A4+Cl6)*:ALI

A6- ( (6+C18 ) *AL1
A6 -(eA6+*75 ) *AL I
A8*;C19*(ML10

AB=(A8+C20)*ALl
A8=(AS+C21 )*AL1
AB- (AB+C22) *AL1

AlO. (tA1+C24)*ALl
AIO=(AIO+C25)*ALI
A10-(A1O+C26) *AL1
A10 (('10+C27 )*ALI

D=A1O0 T2+A8

t=B*T2+A6
1'-4. * 12+ A4
F-E, T2+A2

('HI -TPHltX- CGN4U+.5* *(F/2.0)
COF.--COS(PHI)

Fl1 ANU*COP
Yl-ANU*SIP

IF(IMOUNT-l I 10,10,11

10 FSn.VE-Fl
YSAVE- Yl
GNU:,FNU+1.0
tOUNT=2
GO TO 9

C
11 F2 F 1

Y2 Y 1
F 1 'FSAVE
Yl1= YSAVE

110 IF (AIBS(F1) - AI4S(F2)) 12t12vl3
111 F(1I F 1

IF(H) 18v22?112
112 IF(N-1) 22P22# 113
113 N1 -.N+1

FLI :0.0

['0 114 1: 3 9 l
F L I 7F.+1.0

114 F( I )CONST* (FN4U+FLI )*F(1-1 )-F(I-2)
GO TO 22

c
12 P.LFF(2)/F2

GO TO 14
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C
13 ALF-F(1)/F1
14 F( 1 )-F1

F(') -F2
1 1=3
EO TO 16

END1
*t'ECK BAN 11S

SUBROUT INE BAN\SOL (A. 1'. P, NN , Mf'i. NU~it.K r WEOT LLL .Er NLGL F)0

COMPLEX F
DIMENS ION F C NNphi'i)
COMPLEX A,1lD;CE
DIMENSION ACLLL.HMI').t'(1) .I(),E(NLGLMM)
LEVEL 2#APDPBY~EPF
NNN-LLL/2
NO N N * MM
N BL: rNN
MG=NO*2

14 ElA N ElMM
NBlLD=NN
tJE=0
60 TO 150

100 I.EC=NFI-1
IF (NUMEILK-Nll-1) 103PI04PI01

104 MOO -.\NN~flM'92
NE4LUL N1N
00 TO 101

103 HELL NNN
C CHANGES

101 £10 125 N: I PNBlL
NM-:MNN N
It (H) =B~ C NM)
B ( NN)I =O 00
DO0 125 li:.1,MM
AN, N) A( NM M)

125 A (NM, M)=0 -0
C NO CHAINGES

IF (NUMFILK -N'B) 150.200.150
150 NOO=NBl+11

IF CNHlLV-NN) 109?110F109
110 CALL FILL 7AFl£,'lNNI.DLNQMO

GO TO 126
109 CA~LL FILL (APE Ilt lNr 414NNN

1 NBAI)NDLLLPNOQOO)
126 IF (NB) 200,100,200
2100 £10 300 N- IPMBL

IF (CAEIS(AN,1)) .LT. I.OE-30) 00 TO 99
225 , (N): £(M)/A(N,1)

DD0 275 L: 2 P MM
IF ((.NPL)) 230t2759230

230 C -AC N L) /A( N 1)

J=O
110 250 I LPMM
J'J+1

250 (;(I J):A (I. J I-C*A~( NK)

P(CI) i(I)-A(NfL)*E((N)0

275 CONTINUE
300 CONTINUE

!F (iPUMELK-14B) 375.40S.375
375 NOZ (MEI-1)+11

110 127 N=1.NN
NC :NEINN-MM+N
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D(NC)=B(N)
[o 127 fl1,N1BAND

127 F(NPM) -A(NiM)
CALL ECWR(FvNCZ,MIERR)
IF (IERR .EQ. 1) GO TO B88
GO TO 100

405 CONTINUE
400 11O 45'0 iil:,NBL-

N=NPL+I-M 0

425 E:(N) =B(N)-A(N, ) *i(L)
NM - M "+MNN
b, ( N + NN ) -- ( N)

450 A(NM PHE) B(N)

NU3L NN
IF (Ni) 475P500,475

47Z MOL., ( MB-1) +11
CALL ECRI(F9NOLPMOvIERR)
IF (IERR .EQ. 1) 00 TO 777
DO 136 N':INN
N C N-I B:NI - N N+ N

8( H)' 1' ( MC)
DO 136 I;,,NBAND S

136 A(N,M):-F(NM)
GO TO 100

500 i,=O
[O 600 18;:1PHUMBLK
IF (NB .EQ. NUMBLK) NBL=NNN
DO 600 N%'IYNBL
NM-R+HNNN

K :K+I S
600 DMIK)-A(NNYNB)
550 RETURN
777 1%:: -1

444 PRINT 6669N
666 FORMAT (1OH ERROR NO.vI1O)

STOP

288 N=2

GO TO 444
999 PRINT 998,A(Mpl)PN
998 FORMAT (13H DIAG TROUBLE s5X2G13.ZPI5)

STOP
END". ." , _

*DECK FILL
SUBROUTINE FILL (AEvB 1,NBRN, NB1'LLLiNOMOO)
COMPLEX AP,,DE
[DIMENSION A(LLLNBD),iB(1),1i(1)pE(NNNBD) -,

LEVEL 2,AEBDl
N N N EI M
CALL ECRI(ENOO, PM OIER)
IF (IER .EO. 1) GO TO 999
D0 1 N I, N"
NC:.NBII+N
NNN-NM+N
It ( NNN) It (NC)
iDO I I"'s-IPNB[I

I A(NNN M)--E(N M)
RETURN

999 N =3
FRIHT 666,N

666 FORMAT (1OH ERROR NO. PI5)

STOP
ENE,

*IlECI\ ECWR

Figure 28. (Sheet 22 of 23)
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SLUBROUTINE E-CWR(S,LI ,L2,IERR)0
DIMENJSION S(1)
LEVEL 2PS
IERR 0
f<l WINtI Li
LRITE(L1) (S(I)PI 1,L2)
lF(W!IT(L1).GE.0.)IERR =1

RETURN

*t'ECFN (CR1'
v.UBROUTII(IE ECRI'(SuL1 :L2' ERO)
DIMEHSION S 1)
LEVEL 2PS
lERDt' 0
REWIND Li
REAl' (L I) C SCI)uI:1,PL2)-
IF(CEOF(LI.N'E.0).OR.(IOCMEC(LI).NE.QJ)IERD=x
R ETURN
ENDI

Figure 28. (Sheet 23 of 23)
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DATA SET NO. 1

CARD NO. 1

Col. Format Variable Name Description

1 80 20A4 ID This card contains alphi-:iurl
it le that appear-, in th

4 output for job identii 7-
cat ion

CARD NO. 2 -

1 5 15 NBAND NBAND equals either the maximum
difference between two Oj0

or the sum of NCS and NODR,
whichever is greater.

6 -10 15 IPR IPR=I, input data check - vcho
printed

1PR=2, echo not printed

*11 -20 F10.2 RR Radius of the semicircle (feet)

21 -30 F10.5 ALPHA Wave angle of incidence

*31 -40 FIO.5 DMWater depth of the node on the

semicircle

41 -46 16 IBLKLEN The value of IBLKLEN should not

exceed 31000

CARD NO. 3

1 -5 15 IPC TPC=0, the elevation and velocity
at selected elevation0
stations are omitted

IPC=1, the values are printt-d

*6 -10 15 IPMAX IPIM=0, subroutine CPUNCH will
not be called

11 -15 15 IDPC IDPC=0, special procedure for
input of average depths f or
each element is used

IDPCLI, read depth at each 4rid
node from cards, or from

the data files

16 -20 15 IDCH IDCH=l, element number, nodal
point, and depth of each
element and the x and
coordinat es of each node
are printed

*21 -25 15 IBUGA IBUGA=l, ELK (element stiffness
matrix 3 x 3) are printed
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Col. Format Variable Name Description

26 - 30 15 IBUGG IBUGG=I, SYSK(l,1) and SYSK(I,2)

are printed

31 - 35 15 IBUGL IBUGL=l, SYSO(I) are printed

36 - 40 15 IDISP IDISP=I, dispersion included

41 - 45 15 ICIRC ICIRC=0, for semicircle grid
ICIRC=I, for circular grid

46 - 50 15 NC NC=O, selected elevation stations
(nodes) will not be punched

CARD NO. 4

1 - 10 FI0.2 TMIN The minimum wave period (second,)

11 - 20 FI0.2 TDELT The increment of wave period
(seconds)

21 - 25 15 IKK The number of times of the g
increment

DATA SET NO. 2

CARD NO. 1

- 5 15 NSP(1) Selected elevation station
number (nodes), starting

from NSP(1) to NSP(ISPT)

- 10 15 NSP(2) Fourteen values on each card and
continuing to the next card
as needed

66 - 70 15 NSP(14)

DATA SET NO. 3

CARD NO. 1

S-5 15 NSPE(l) Selected elevation station
number (element), starting
from NSPE(l) to NSPE(ISPTE)

6 - 10 i5 NSPE(2) Fourteen values on each card and
continuing to the next card
as needed

70
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Cu.Formait Variable Name Dc-scription

66 70 15 NSPE( 14)

DATA SET NO. 4

CA.RD NO. 1

1 10 FIO.2' X(1) x-coordinate at each nodal point,
starting from X(1) to0
X(NNOD)

11 -20 F10.2 X(2) Eight values on each card and
continuing to the next card
as needed

71 -80 F10.2 X(8)

DATA SET NO. 5

CARD NO. I

1 -10 FIO.2 Y(1) v-coordinate at each nodal point,
starting from Y(l) to
Y (NNOD)

11 - 20 FIO.2 Y(2) Eight values on each card and
continuing to the next card
as needed

71 -80 FIO.2 Y(8)
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Col. Format Variable Name Dvscription0

DATA SET NO. 6

CARD NO. I

1 -5 Blanks

6 - 10 15 NGON(1.,1) Node number of the first nodal

point of element 1

11 -15 15 INCON(1,2) Node number of the second nodal
point of element 1

16 - 20 15 NCON(1,3) Node number of the third nodal

21 -25 Bankspoint 
of clement 1

26 - 30 15 NCON(2,1) vode number of the first nodal

point of element 2, etc.

31 - 35 15 NCON(2,2) Nine values on each card, startin4
from NCON(1l,1), NCON(1,2),
and NCON(1I, 3) to NCON(NELE, 1),
NCON(NELE,2), and NCON(NELE,3),
respectively,, co-ntinuing to

the next card as needed

56- 60 15 NCON(3,3) .

DATA SET NO. 7*

CARD NO. I

1 -10 F10.2 DD(1) Depth at each nodal point,
starting from DD(1) to
DD(NNOD)

11 -20 F10.2 DD(2) Eight values on each card and
continuing to the next
card as needed

71 -80 F10.2 DD(8)

*Note: If IDPCO0, Data Set No. 7 is omitted. Depth of each node should be

specified by user in the program FINITE.
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Procedure to RunProgram FINITE

49. To set the correct values for the parameter ,tatvments in program

FINITE, the following procedure should be followed.

a. Sign on the Cybernet Computer System
Telephone No. 2047 for 300 Baud
Telephone No. 2030 for 1200 baud

b. Type in
GET, FINITE/UN=CEROMO
SAVEFIN ITE

c. Use XEDIT to set correct values for the parameters in the
parameter statements

Type in
OLD, FINITE
XEDIT

d. Locate the first parameter statement
Type in
L/PARA.METER/
The system will respond with

PARA.METER(NNOD=35,NELE=48,NODR=9,NCS=7,ISPT=35,ISPTE=48)

e. Change old values in the parameter statement to desired values
Type in
C/NNOD=35,NELE=48,NODR=9/NNOD=new value,NELE=new value,NODR=new

value/
C/NCS=7,ISPT=35,ISPTE=48/NCS=new value,ISPT=new value,ISPTE=new

value/

f. Locate the second parameter statement
Type in
Ni
The system will respond with

PARAMETER(NSYSK=1394,NSYTP=772 ,NSTNIP=84)

g. Change the values in parameter statement to desired values
Type in
C/NSYSK=1394,NSYTP=772/NSYSKnew value,NSYTP=new value!
C/NSTMP=84/NSTMP=new value!

h. Replace program file FINITE by editted version
Type in
E, ,RL

50. Establish an "AFFILE" on the CYBER 205 System. An "AFFILE" enables

the Corps of Engineers (KOE) user to transmit files from KOE to the CYBER 205,

and vise versa.

a . Type in
GET ,AFJCL/UN=CEROMO
SAVE, AFJCL
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I 1 9 V-, .r- -M.
* - -----...-.. . -

b. Use XEDIT to make necessary changes 6

Type in

OLD,AFJCL

XEDIT

C. Replace 205USER with actual user's ID of the CYBER 205

Type in

C/205USER/USER'S 205 ID!

d. Replace all PASSWORDS with the actual user's PASSWORD

Type in

C/PASSWORD/ACTUAL USER'S PASSWORD/*

e. Replace all KOEUSER with actual user's ID of the KOE

Type in

T

This command will bring the pointer to the top of the file

Type in

C/KOEUSER/ACTUAL KOE USER'S ID/*

f. Replace file AFJCL with the edited version

Type in

E,,RL

. To execute filL AFJCL
Type in
GET,ADYJOB/UN=CATHDDC

BEGIN,,ADYJOB,AFJCL
The system will respond with

ALL DONE. USER JOB NAME IS COEXXXX

(Note: The status of the job can then be tracked by using "LINK,ENQUIRE." Mhen

the job is complete, output will return to the users QGET queue and can be

accessed by using the "QLIST" command.)

51. Establish file "QLIST", which enables the KOF users to retrieve

CYBER 205 dayfiles and outputs.

a. Type in

GET,QLIST/UN=CEROMO . -

SAVE,QLIST

b. Use XEDIT to make necessary changes

Type in
OLD,QLIST

XEDIT

c. Replace old UID with new UID 0
Type in
C/UID=HASH/UID=XXx/

(XXXX is the user's index hash. It can be obtained from "ENQUIRE(B)."

XXXX are the first four characters of the job name that the svstem

assigned to the user.)

d. Replace KOEUSER with user's ID 0

Type in

C/KOEUSER/USER'S ID/
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e. Replace old header with user's header
Type in
C/HEADERI/UTSER'S HEADER!
C/HEADER2/USER'S HEADER!
C/HEADER3/USER'S HEADER/

f. Replace file QLIST with the edited version
Type in
E, ,RL

52. Create an Update Library

a. Type in
GET,FlNUP1 /UN=CEROMO
BEG;IN,RUNF,FINUPI
The system will respond with

15.56.20 SUBMIT COMPLETE. JOB NAME IS AJZZXX

b. Check dayfile
Type in
OLD, DAY 1
L IST

53. Establish an Update Correction File

a. Type in
GET, FINDIR/UN=CEROMO
SAVEFINDIR

b. Use XEDIT to make necessary changes and replace the file FINDIR
with the edited version

54. Run program FINITE with Update Correction File FINDIR (Figure 29).

a. Type in
GET, FINI !UN=CEROMO
SAVE,FINI .

b. Use XEDIT to make necessary changes
Type in
OLD, FINI
XED)IT

C. Replace 205USER with the CYBER 205 user's ID
Type inl
C/2O5USER/CYBER 205 USER'S ID!

d. Replace PASSWORD with user's PASSWORD
Type in
C/PASSWORD/USER' S PASSWORD!

e. Replace all KOEI'SER with user's KOE USER ID
Tv 1,e i n
C/KOEUSER/USER'S KOF USER ID/*

f. Chance data file name (optional)*
Type in
C/FINIDATI/NEW FILE NAME!
C/FINDAT/NEW FILE NAME!

(*See Note, page 83)
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OLOPFINDIR
/LIST
*IEJENT F'ARAIS
5sl MAIN.2

FROG RA K FIN4IT( TAPE I T APE ItTAPE a TAFBOUTPUT TAPE6-LTUT,

ITAFE9-TTAFE9,TAF'El1 TAFE11fTAFEl2zTAPE12t
2TAPE13 TAFE13,TfiF'E11*TAF'El4 vTA.E17j-TAF'El5)

KAHfIiI1.6
CCC SAMPLE P'RO14LEMi
*0' NAIN.8

$D M1AINI.13
c NEUT: TOTAL NO. OF SIM. LIN. EQS. NNOE'+NCS
C I K TOTA)L NO-* OF CASAS TO BE COMPUTED
C ISFT'- TOTAL NO. OF SELECTEO ELEVATION4 STATION WITH RE:SPECT TO NODES
C ISFTE - TOTAL 14O. OF SELECTED EL.EVATION STATION4 WITH RESPECT TO ELEMENTS
C X; - WAVE PERIOD
C SYSOPSTKPiAT.P.F HAVE DIMENSION OF NEOT.
C XPYPNDD HAVE DIMENSION OF MHD.
C XJYXYrXHPHD, HAVE DIKEIISION4 OF NCS.
C ANOLrSM HAVE DIMENSION OF NODR.
C DE'ViU#YCvNCON HAVE DIMENSION OF NELE.
C NR AND Z HAVE THE DIEMNSION OF THE NO. OF THE NODAL POINTS IN EACH CELL
C NSF HAS THE DIMENSION OF IPST
C NSPE HAS THE DIMENSION OF IPSTE
C IPER HAS THE DIMENSION (IF 5
C XK HAS THE DIMENSION OF I1KK
C AP HAS THE DIMENSION OF ISFT+1
C SYSK HAS THE DIMENSION OF NLGLX:HBANDX2+50
C SYTF ANtD FTEMF' HAVE DIMENSION OF NLGLXNIBAND+10O
C NtUMB4LK -EOT*HBAND/IBLKLEiiJ+1
C NLO NEOT/NUNBFLK
C NLGL NEOT- (NUMEILR - 1) *NLG
C NSTNFP NLG+NLGL
SDJ IAIM. I8vNAIM.21
C

PARAME TER (N10011-3'j PNELE I8rNOriR" 9iNCSz7, ISFPTz3ZrISFTE=48)
PARAIIETER(NSYSK 1391 ,NSYTF:-772,NST11P=84)

SXY(NCS),XN(N4CS),DH(II'CS) ,ANOL(NOIDER),SMi(NqODR)wISP(100flF'ER('w)

DlIMEN4SION ID(20).NSFE(1OO)
DIhENISION Z(3)

SE' MAIN.22PKAIN.24
CO~Ou/L 1 /SYSN (NSYSK(

C01ii10 1'L3/STt1F C 1STMF)

COh111 /L 4/ElI (NEL E
CO I ON /L5Z/ AT CNNH0ItN CS)
CO;1O 1N/ L6~/ A F I11NO El tCS
COh~iON/L7/SY TF I MS( 1
COIhiON/L9/U(NELE) VUJELE) iYC(NELE)
COJl;O,'iLS/NCON (N;ELF Y 3)
0111EN5011 FTEtJF( kSYTF)

E1I1EPSION VJ( 100) ,VYi 100)
I'IIIESIO;J ')R(3)
tINEINSION AF(100)

*11 /I3

Figure 29. Program FINDIR, update correction file for program FINITE
(Sheet 1 of 7)
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READ (8,2) ID

REAL,(8, '.3Q') N8A1JOEPIFRRRALPHAPDrIMIBLKLEN
543n FORMAT(2I~tF10.2,FlO. ,F1O.2, 116)

*0 MfAIM.42
*I KAIN.46

WRITE(6P403) HNBELK

*0 M(AIN.48

kEE,d(830S)IFCPIF'I):IrIFC~IDCHrIUGAIBUGGuIBUGLurJISP,
1 CI RC )NC

305 FORMAT(1OI5)
IF(ICIRC..NE.1)GO TO 3010

C FOR CIRCULAR REGION~ HCS2;-NCS+1)/2 TOTAL NO- OF COFFF. IN RAID. D'OMAIN
NCS2 '(HCS+l)/2
NCK2- 2*NCOS2
IF(NCK2.NE.NCS) GO TO 3010
WRITE (.5877)

877 FOKMAT(lXp33HNCS MUST BE ODD FOR CIRCULAR GkID)
STOP

3010 IF(UFR.EO.O)GO TO 876
876 CONTINUE

*D MAIN.54

IF(WLGG*NBANID.LE.NSYSK) 0O TO 5432

NNELE NELE
NNNOD0>NHNOD
NNOPR- NOEIR
N NC S -NC S
WRITE(6i 12) NNELENNN10NNIO0RvNCSrNEOTALFHADA2,DA4rRRDlDM

*1 MA'IN.72
WRITE(6P201Q)

*D MAIM.73
*D MAIN.75

WRITE(692014) N UliILKPNLGNLGLI8LIKLErIPRNA'lE
IF(NLG.GE.HBAN0) GO TO 878
WRITE (6,879)

879 FORMAT(1>:1 3OHlNLG MUST BE GREATER THAN NBAND)
STOP

878 CONTINUE
*0 MAIN.78

REAEN(St300) TMINVrT0ELTrIKN
*D MAIM.80

WRITE (6, 300) TM I Ni TDE L Ti IKI
*0 MAIM.81
300 FORMAT(2FlO.2:I5)

*I NAIM.82
IF(IKK.EQ.1) GO TO 321

*I MAIM.86
321 CONTINUE

*0 MAIN *M.87 ilf)IM.*89
IF(ICI! C.EO.1) ElA2 -2.*PAI/NODR
IF(ICIRC.EQ.fl 0(A4L0A2/2.

*E0 MAli;.90rMAIU .93
IF(IFC.EQ.0) GO TO 3000
RE~lm8,B306) (NSF'(J) ,j.1 ,isr'T)
REOILK8,306, (NSFE(J) ,J 1#IIPTE)0

C LEVEl. 2PUPV,'(C
C LEVEL 2tNCON~t'0iAFAT
*Ei -IAIN'.94

306 FORhiAT(11I )
* II4.100

T=XIl(I

IF(It'ISF.EG,0) GO TO 77

Figure 29. (Sheet 2 of 7)
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78 TM=C*WK*TANHl (WK*DM)
Ti SOR.T(Tl)4
T2-2.*FAI/T1
T3"XK( IK)-T2
T4 -ABS(T3)
IF(T4.LE.0.01) GO TO 76

GO TO 78
76 X N .J (1 ' .+2.*WlJK+E'M/S INN (2, *WI(*1I))

74 FORMAT(// v2X,14H'ISFE(SIONi IN~CLUDiED. 01l RFFiLfCF0 BY C*CG/O -:1F10.

1)
7? CONTINUE

I*H MI H.10 1
73 FORMAT(//p2SXp24HW(.VE PERIOD IN SE.CODS -rF1o.2r24:,9HWAVE NO =PE

*0 MAIN. 102,N(.IN. 103
*0 NAI H. 106

1 P 4ELENO,NOD 10IR 1CS vNET 9 EANI r NCS2 Y IEI fI rFC i M FI CH I L, I SP

*0 MA II. 118
1 r,1ELE PNNOD # OttR rNCS rNEf2TiN1AN11 rHCS2 YHODRI Y VJYVY HL GL F IUGG I CI RC)

*0 MAIM. 124
I1v NELE i14NOD , NODRY r CSYNEUT rNE' ~r NCS2w FODR1 IRUGL ICIRC)

*0 HAM. 131 PMAIN. 138
*D MAIN .145

IF(ICIRC.NE. 1) (F(I)-A~F(I)/2.
*I HA~IN .191
C WRITE( 6137) 1 (l(F ( I r(T( I r I. INNO1
C 37 FOROA(T(6(1592F7.2))
*1' MAIN.,197

260 Z(L) AF(N)
*I MA~IN. 212

JP. -1
*1 MAIN. 213

JP- JP+2
*D 14 1 1H. 2 18 , H AIIN. 219

AF(JF') (.F(J)
IF(II.GT.ISFT) GO TO 303
AP(JFF') AF(JI)

*0MnAi.221

M1i1Ul.222
IF(I[,C.EQ.O) GO TO 103
WRITE (6, 101)

101 FORt;A~T(4H [CC
103 WRITE(6t201)
201 FQRhiAT,'/

WRITE(6,200) ( AF(IlI) .111.1FT
200 FORNAt(13F6.2)
*0lini;.:23
1,02 CONTltwUE

H0IAIN .21.0,MAIN. 241

*0 IfhlI.213
410 WRIrE(6,21) I,i.F(I,,(.T(I)

222 FOFthAT (3(10;,1 , JE 2.70,1>)
41D -IM.257

TFfl4C.ED-0) GOl TO 104

Figure 29. (Sheet 3 of 7)
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WRITE (6,102)
102 FORMAT(4H CIL)
104 IF(IPC.EQ.O) GO TO 99

*D MAIN.278iIN.280
*D MAIN.2829MIAIN.285

24 FORIAT(lX, I~t2El2.5)

C IF(IPMAX.N'E.0) CALL CFUI4CH(NOIDFTIFMAXitI.FUVNNHODHEL.EN4FOTXI<,IK,
C IiSPiISF'TeIPER, ID, IPCN1SPE, ISFTE. IiT)
*0 IFT .3

1,NELENN'ODNIIRHCSNEOTNANj,NCS2tl~tIitFCrtirIDCNIDJSF')
*1 INF'T.8
C LEVEL 2YNCON4ptIO
*D IHPT.16iIHFT.37

READ(4r200) XIl1vN0
REnD(17200) (Y(I)7I=:lpHNO0)I200 FORM A 7( SF10.2)

C DO 1000 I11NNOD
C X(I)=X(I)*C.1110

C DO 647 I'1O10j.NNOII
C II-1I-NO0EP+1
C IF(I.LT.1100) r.A-.I-10S5*tIA2+.5*DA2
C IF(I.GE.l100) Ai(I1*A
C RS:160000,
C IF(I.LT.1100) RS*m140000.
C :X(I).z-RS*COS(.,AD+fAaGG)
C Y(I)=-RS*SIN(AADt+A.NGG)
C 647 CONTINUE

101 FORMAT(3(nXr3I0)

C D0 83 Ii INHELE
C 83 0ti(I)r-6.*00r(l)

CALL G0EF'TH( IIIF'COtINNDoriN0E182,N4ELE, lDCH)
IF(IOCH.EO.1) GO TO 430
GO TO 450

430 PRINT 316, (1 ,)(I)iY(I) ,Ir hNNOD)

D0 440 I.-1)HELE
PRINT 420, IP(NCO(IPJ)tJ:-1,3)

440 CONTINUEi316 FORhAT(2(I1092Fl0.2))
420 FORMAT(X6(I',1lXr3l5))
450 IF(IE'ISF'.GT.')) GO TO 70

IF(IDFC.N'E.0) GO TO 400
*1 INFT.38

*0 IMPT .4 1 1NrT. IS
70 CONTINUE

416 FORKAT(4(4Xv4I5))
*D I NPT. 30

IF (I 1CH .EDQ. I) PRINT 416v (L P(NCON( L J)sJ;:1 r3) vL 1 r ELE)
1 DEPETH .7

C LEVEL 2,DTl
*I DEPETH. 9

* 10 1 4L

*11 DEPTH .10o ,EPTH .40
*D DEPTH.4Z,,EFTH.46
1000 REAII(4,980) (111( 1) -1 141,101)

980 FORMA.T(F10.2)

*11 DiFTH .4 7

*C LEVEL 2 HCON

Figure 29. (Sheet 4 of 7)
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i,NLGG,:DPC,JBUG,DM,IDISPT)
ED ASSK.21

C LEVEL 2iSVSKPSYSOSTNCDNrIDD

ED ASIs(.80
CALL ELiK(xl.>:21 x3,v Y2,Y'3,WKDl9DIfELKiAREAL.I.4EL.E3rDIIDISFPT)

*DASEBK.84

1050 DO0 20 I-1v3
*I ASBK.106

L4: lQt?
ED AS4K .113

999 WRITE(6v77
ED GSPK.3

1,N4ELEPNNOD0,NkODRW4CSNqEDTNIIAPNDNCS2rNODlR1,VJYVYNLGG, IBUiGuICIRC)
ED GSFK .14

*ED GSFK.1'
I ,ANGL(CNODR)

*I GSFK.22
CALL BESSY(WRrO.uIJCSrVJrVY)
NDUlM.:NCS
IF(ICIRC.ED.1) NDUM'NCS2
IF(IBUG.ED.0) Go TO 13
WRITE 6. 21)

21 PORMAT(//,lX,'XJ:m'v10XP'XY.')
ED GSPK.23

13 DO 12 I1,lN'UM
ED GSPK.23.GSFK.26
EI GSFK .31

IF(IFUG.EO.O) GO TO 14
WRITE(6P22)

22 FORM!AT(//vIXv'XH-',lOX.'IlH=')
ED GSPK.32S

14 DO 1 i I z1,YNl'UM
ED GSFK .4 3

20 FORMATC9H GSFI( BYP4E15.8)
ED GSPK.5O

DO 38 I::1.NCS
I I 1/2+1

El GSPK.55
ICE :1S
IF(ICIR'C.ED. 1) ICE=III
IF( ICIRC.EO. 1) CX :2.ECX

ED GSPK.36
SYSK(I 1)'SYSI((I1,I1)+C:*RICHF*XH( ICE)*DH( ICE)

*I GSPK.60
CT- 1.
IF(ICIRC.EO.1) CT**2.

IF( ICIRC.EO, 1) ND<NOI'R
ED GSFK.61

DO0 40 lu1ND
*l GSFK.69

IF( I1.EO.nI. ICIRC.EO,.1 ) Il NODR
El GSPN .71

IF(ICIRC.EO.l) GO TO 935
GO TO 9360

935 J2=J/2
Ji :J2t1
Al' ANqGL (I)J2
A2 (l%'GL(Il)EJ2

936 CONTINUE
ED, G3FN. *74

TMnCT*NI<LDH( 1)
IV(ICIRCEC.l GO TO 465

*1 GSPi .77

Figure 29. (Sheet 5 of 7)
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IF (ICIRC .EQ. 1) GO TO 937
00 TO 938

937 IF(KOO(J92).EO.1) 00 TO 44
TMi*HKL*II(JI)*(CO(2)+COS(Al))
0O TO 46

938 CONTINUE
*1 GSFPK.88

GO TO 46

$0 GSPK.91
*0 GS'K. 97
C WRITEC6plOIS) (SVSIKCI,1)fSYSK(y,) tI-;lNLGG)
$0 GSPK .98
C1018 FOFRMAT(IXp4G14.S)
S0 GSPK.100
2000 WRITE(6,999)S $0 GSPK.103
1551 WRITE(6#1520) NLLL

$0 LOAD.3
lI4ELSNNODPNO0RNCSpiEoTPwtnONCS2FNOoR1,zltUGrICIRC)

$0 LOAD.9
DIMENSION SM(NODR)tSYSO(NEOT,,D(NCS,):XJ(NCS),A4GL(NODR)

$0 LOAD.10
*I LOAD.15

NDU~m NODRl
IF(ICIRC.EQ.1) N0UKLNOrIR

$0 LOAD.16
DO 12 I-1IfNDUM

*I LOAD.23
IF(ICIRC.EQ.l) DUI'2; (0.o00.0

*I LOAD.31
IF(ICIRC.EO.1) GO TO 32

*I LOAD.33
52 CONTINUE

*I LOAD.34

*I LOAD.49

$1 LOAD.51GOT55

GO TO 5~56
555 IF(I.Ea.1) GO TO 557

IF(M00(Iv2).EC.1) (10 TO 18
TM-CiN*XJ(IJ)*DH(IJ'sCOScAI)
0O TO 20

557 Tti:XJ( 1 ):N( I
GO TO 20

18 TK::CN*XJ(IJ)*0N( IJ)*SIN(AI)
GO TO 20

556 CONTINUE
*1 LOAD.52

20 CON4TINUE
*0 ELMT.3

lNELE31VMp IDISP#T)
$1 ELMT.25
C WRITE(6PS00) Xls>XZ.>31Y1 YY2pY3
*1 ELMT.30

)(h*;WK(/SQRT(I0'
IF(IDISP.HE.1) GO 10 300
XKl:-XIk*SORT(l0M)
P1 3.tli16

150 TM4G*XK1*:TANH(XK1Sui
T1-:SORT (TH)
T2;-2. *PI /Tl
T3=T-T2

Figure 29. (Sheet 6 of 7)
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T4-ABS (T-T2)
IF(T4.LE..01) GO TO 200
DK=--2.*P*T3/(T*T*SORT(G*Dfl
XKI:XK1+DK
Go TO 150

200 CONTINUE
XN .5.*(1.+2.*XKl *D/SINH(2.*Yl(l*O))
Xti-(XN*4 .*PI*PI)/(T*T*G*XK(I*XK1)
G0 TO 400

300 XD=D
400 CONTINUE

*D ELMT.31PELMT.33
WKA;-rDIN*XKl*XI(1*AREA/12.
SAV-
D=XD

*0 ELHT.43
j= SAY

*1 BES7.11
FN' N

*D BESY.80
GAH3: -GAN3t.GAM2

*0 BESJ.38
5 FCI )nCONST*(FLI+FNU)*F( I+1)-F(I+2)

rA *0 BESJ.76
21 F(L)=CONST*FRAC*F(L-1 )-F(L-2)

*0 BESJ.202
114 F(I ) CONST*(FNU4FLI)*F( I-I )-F(I-2)

*0 OAMA.53YGAMA.56
XFT:=EXP( TEM)/XFT
AMS1:*(FT
6O TO 8000

4000 SWVO:.0
*1 BANDS.5

DIMENSION O(lOPIlOO) ,R(lOOi 100) ,ML(100) ,NL(100)
*0 BANDS.?
*11 BANDS.44

IF(REAL(A(NL))) 230P27ZP230
*D BANS.62

127 CONTINUE
*11 BANDS.74

A (NM ,NB) 'B (N)
450 CONTINUE

*0 BANDS.85

A(N rViM)F C(N vM)
136 CONTINUE

*1' BANt'S.93
0(K) 'A (NMPNB)

600 CONTINUE0
*1' BANI'S.96

444 WRITE(6p666)N
*0 BANDS.1OliBANDS.102

999 WRITE(6t998) PA(N?1)vNB
998 FORHAT(13H OIAG TROUBLE tOX92G13.5t215)

*D FILL-17
WRITE(6,666)N

*0 FILL.5
DIMENSION 0(1OrOv 0) rR(100-10O)rN4L(100),MiL(1OO)

*0 ECWR.4
*0 ECIR.7qECWR.9

BUFFER OU'(L1,0)(S(1)rS(L2))
IF( U?lIr(Li) ) 0 ,20,30

30 WRITE(6P40)
40 FORKAT(lX.F'PARITY ERROR')

0 20 IERR~1
10 RETURN

*D ECRD.4
*IJ ECF<0.7pECRO.9

BUFFER IN(L1IPO) (I) S(L2))
IF (UNIT(LU ) 1O,2Ov30

30 WRITE(6,40)
40 FORKAT(lX,'PARITY ERROR')
20 IER0-1
10 RETURN
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(*Note: File FINDAT1 contains Data Set No. I through Data Set No. 3. File

FINDAT contains Data Set No. 4 through Data Set No. 7. File FINDAT can be ob-

tained at the completion of the run of the plotting program FNGRID. If that

is the case, the new file name replacing FINDAT should correspond with the

file name that was used to save TAPE10 in the procedure file PLOTF.) S

8" Replace file FINI with the edited version
Type in
E,,RL

h. To execute file FINI
Type in S
SUBMIT,FINI

i. To check job status
Type in
LINK,ENQUIRE,PD=MODD,PT=H{MM
(PD=MODD, where MO is the month from 01 to 12, and DD is the

date from 01 to 31. PT=HMM, where HH is the hour from 6
01 to 24, and MM is the minute from 01 to 60. Example:
To generate status information for a job received since
9:00 a.m. on 31 May, type in

LINK,ENQUIRE,PD=0531,PT=0900
The last three characters of the run JOB NAME will not stay
the same as in initiated job names. The system assigns
different names at different stages that transmit a job
from KOE to CYBER 205, or vice versa. If the job output - . "
is available at KOE, then continue to the next step.)

j. To execute "QLIST"
Type in
OLD,QLIST
BEGIN,,QLIST,XXX,LSV,DSV
(where XXX are the last three characters of the job name that . •

appeared in the statement "JOB NAME IS IN USER QGET QUEUE."
LSV causes the output to be saved with file name HASHXXX.
DSV causes the dayfile to be saved with file name DAYXXX.

k. To list output and dayfile on the user's terminal
Type in
OLD,FILE NAME
LIST

1. To direct output and dayfile to a fast printer at COPE terminal

Type in
GET,LFN=FILE NAME

ROUTE,LFN,DC=PR,UN=COPE USER'S ID
(where LFN is the local file name, and FILE NAME is the

permanent file name)

A Sample Application

55. In this sample application to demonstrate the execution of program
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FINITE on the CYBER 205 COMPUTER SYSTEM, the values of the parameters in the

parameter statements stay unchanged.

a. Obtain the source file FINITE
Type in
GET ,FINITE/UN=CEROMO

/SAVE ,FINITE411

b. Establish AFFILE "AF205" on CYBER 205

1. To execute file AFJCL

GET, AFJCL/UN=CEROMO
/SAVErAFJCL
/0 LE,YA F JCL
/ XEDE IT
XEDIT 3.1.00
??C/205USER/O5201O/

USER (U=05201 0 P P- Frsswonr
?? C/FASSWORD/I~t'INE/*
USER(U-052010P-inINE)
-- EOR--
USER(I(OEUSER, IOIINEKOE)
END OF FILE

??T
.8? C/KOEUSER/CEROM8/*

CH(ARGE (CEROEGCYCEROMB)
-- EOR--
USER(CEROMB, IOEDINEPKOE)
C H AR GE (CE ROE GCPCE R 0M)
END OF FILE
?? Er PRL A
AFJCL REPLACED
AFJCL IS A LOCAL FILE
AEE' 0.257UNTS.
/GETPADYJOB/UN=CATHDEIC
/BEGIN, ,ADYJOBFAFJCL

ALL DiONE. USER JOB NAME IS C0E429
$REVERT.

2. Use "LINXK,ENQUIRE" to check job status

L I NKEN '-IE, JN=CCE 429
STA~TUS FOP: CEkOliE /t.OE

PA TE TIiE U F, S YI T E K FILE FILE
M (It H( H JOE, NAM1E JOl ;II 7fIF E SThTUS

0 ' 22 C i--: COE:429 .J 7 7 30 NO0 P~O UT I PG I I71A T Et11' t UAA
0 122 4 COE429 S E tPL DT TO PrFA2UEI' AT AllY
a : 2 12 t': CCE'.9 AUU'" 00 NO )~FRIV'EP AT rAA
0522 1245 C0E49 f.U U A L0 T 0 .UU(LCO LIMLIPD TO AllY
O,22 1246 CCE429 tAJZZLOT WT OUTFUT PVAILPH'E fl KOE/T
LIKl CC. J LETE
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3. Use "QLIST" to access the output S

OLD, OLIST
/BEGIN, OLISTPLUT

11.44.47 RESOURCE(JCAT P6tTL=200)
11.44.49 CHARGEP CEROEGCvCEROMS

11.44.49 ALL DONE
11.44.49 TVIO+. 6
11.41.49 PURGE(AF205)
11.44.50 ALL DONE
11 .4 4. 50 TVP4+.
11.44.50 COPY,INPUTrAF205.
11.44.51 9 WORDS OF FILE INPUT COPIED TO FILE AF205

11.44.51 ALL DONE
11.44.51 DEFIHEAF205.
11.44.51 E:ISTING LOCAL FILE MADE PERMAMENT !
11.44.51 ALL DONE
11.44.51 CHARGECEROEOC rCEROMt 3.982 SBUS

11.44.51 SYSTEM BILLING UNITS (SbU) 3.982
11.44.51 USER CPU TIME (SECS) .194
11.44.51 SYSTEM CPU TIME (SECS) .693

11.44,51 USER MEMORY USAGE (PAGE*SECS) 1.731
11.44.51 USER AVERAGE WORKINO SET SIZE (PAGES) 96

11.44.51 NUIIBER OF VIRTUAL SYSTEII REQUESTS 235 5
11.44.51 NUIKBER OF SMALL PAGE FAULTS 73
11.44.51 NUIiBER OF DISK I/O REQUESTS 11
11.44.51 HUIIBER OF DISK SECTORS TRANSFERRED 11

11,44.51 $SCOMPLETE$$
END OF FILE
/

c. Establish the file "QLIST"

GET ,QLIST/UN.CEROMO
/SAvE,OLIST
/ OLI,OLIST
/XEDIT
XEIIT 3.1.00

.?? C/H4ASH/AJZZ/ ..O. _4/,S" N y U l =jZ U4 U E1U le.l 'E1EEC-
"'PROCtOLISTFIDYLSV::/ 'S :H Y D F=N Y U ZI:J~ U 'S R UtPU : H U l I , :, "-

7? C/USERNUM/CEROMB/
ROC,OLIST,FID,LSV: W/YoDSV=N/YoDSPN/YPUID=AJZZ UN"ICEROltBAUIC-CHELDEICf -'. -

?? C/HEADERI/LUCYCHOU/
H1

= 
LUCYCHOUPH2=HEADIER2,H3:HFADER

3
.

?? C/HEADER2/CERC/
HI:LUCYCHOU,H2: CERCvH3;-HEADER3.
?? C/HEADIER3/WES/
H1=LUCYCHOUH2-.CERC H3zWES,
71 E,,RL

OLIST REPLACED
OLIST IS A LOCAL FILE

AEB r 0.254UNTS.
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d. Create an Update Library0

GET F INUP1/UN=CEROMO
/SA'JEFINUPl
/EEGINPRUNF ,FINUP.
1:-6,1 SUBMHIT COMP'LETE. JOI4NtME IS AJZZFOT

$RE'JERT.*CCL
/ ENOUIRE, JN=FOT
AJZZFOT NOT FOUND'.
/OLD, DAYI
/LIST
15*56.41*FINIJO(,CM3Z00OtP6-
15,56.41*ABF v INPUT I O,0021(IOLIBrOlo
15.'j6.41*USER',CER0M8vPK0E*

15 .'6.42 .CHARGE,CEROEGCCEROMB.
15. 56. 43.GETPFINITEe
15.56 44 .UPE'ATE( I-.FINITE N:=LIIBLC)
15.56.44.UPDEATF CREATION RUN
15,56.44.CREATING NIEU PROGRAM LIBRARY
15*'j6.46, UPDA(TE COMPLETE.
15%. j6.46. SAVE, LIBLC:.LIEBLC.
15*56 47. EAYFILE, DAY1,

e. Establish an Update Correction File "FINDIR". (In the sample
run, file FINDIR is used without change.)

Type in
GET ,FINIJIR/IN=CERQMO
/SAVE,FINJIR

f. To execute program FINITE with Update Correction file FINDIR

I. Execute file FINl

GET v F INI-/UII zCEF:Ofl0
/ S ~i E r FlI N I
/ OLE',v F 1111
/ XE LI T
XEL'IT 3.1.00G

USER(U 0Z2C^-I(' F'%* F(iESWOREI)ADVi

USER(Ui-ZZOF ,IOE'IflE)[,L'Y

??C/IO0EUSER<XCEF:0I1.

C H ,FCE (CE F: CECC CEF: CM3 S
GET KOE i COI'iFF /1111--C6 rUN111:CEFRCM8
LIINh, F:EFL:CE (LIST LIS:T20Oj/Ul- CEROMS, Fli~O LI'C Fr

LlI , F:EFLrCE FI~itF.M(,irF20C /UW':CEr<01i3 , FNM iKE7DD'E-C6), F ;,FZ~)
LI 1!J REF'Lr.CE ( LI 5T L I S-T20J/UN: CEROH8 r F.1:OE, VD:: C6 .F' '. 2a

L I NK REF*LiX.CE F iAF HA.F'20CJ/UI-! CERCOlS r FM IKOr r Dl:- L (F ! 2::'
END' OF FILE
?7' E,,RL

F I NI IS A LOCfL FILE
AES 0 O.2:;:U1NTS.
/SUP-1l11T F FUIII
14,1.-.02. EUEBMIT COMPFLETE. JOB'mIlF 11; AJZZwo,,
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2. Check job status

LINKENUIREPD=0531, PT=0100

STATUS FOR CEROIK8 /KOE

DATE TIME USER SYSTEM FILE FILE
m MiDD HHM JOB NAM.E JOB NAME TYPE STATUS

0531 1424 COES,, AJZZWOA NO ROUTING INITIATED TO KAA

0531 1433 C0E,55 LUCYGIJ TO ARRIVED AT ADY

0531 1433 COE505 AUUGIH NO ARRIVED AT KAA

0531 1434 COES0 AUUAGGIH TO AUUAGIH LI1IIUG TO ADY

0531 1439 COE555 AJZZGIJ WT OUTPUT AVAILAPL.E Al KOE/T

LINK COHPLETE.
*/ .

3. To retrieve job output and save it as a permanent file

Type in

OLD,QLIST
/BEGIN, ,QLIST,GIJ,LSV,DSV

4. To route the output to the remote COPE terminal
Type in

GET, OUTLUCY=AJZZGIJ

/ROUTE, OUTLUCY, DC=PR, UN=CERORC
The system will respond with

ROUTE COMPLETE
/

5. A lis.ing of the sample application output from the COPE

terminal includes the following:
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13. 29.06 44*
13.29.06 11 , GETOE(TAE4 IFINDAT)
13. 29.06 
13 29.06 1.FLINI(TFE,ST K(%A,DII=C6p
13 : 2 9 : 0 6 JCS **4**4$*44~

13.29.06 *** ****** ** vc')
13.29.07 W.ITING FOR CONNECTED STATUS.
13 29 14
13.29.11 PTFS - USER(COEAF'PL,)
13.29. 14
13.29.11 PTFS - ATT(.CH(CUE5,3/NA) ,.. 1:
13.29. 16
13.29.16 FTFS - F REQUEST COMPLETE.
13.29.17 AiLL DONE F" "I1T

13.29.17 F NOKTRA!(I COIFFwL:LIT)
13.29.18 FORTRAH 2.1.5 CYCLE L,592C B UILT 05 /01/84 16:21"

13.29.13 COMFILIHG FIUITH
13.29.21 NO ERRORS
13.29.21 COMFILING CPUNCH
13.29.21 NO ERRORS
13.29.21 CO"IFILI,'IG I F'UT2
13.29.2i NO ERROFRS
13.29.21 CO11F*ILING L1 EF'I H
13.29.24 NO EF4:ORS
13.29.24 COMPILING 1WWlK
13.29.24 NO EFRORS
13.29.21 COiFILING SE;iBK
13.29.24 NO ERRORS
13 2.,1' CONVILING GSF-''
13.2?.-2, ;) 0 E'RRFORF.S

13.29.2, FILE E I W.) F:Y E):TEPIEIEI, EW LFNOTH 32
13.29.25 COMPILING I O fO
13.29.25 NO ERRORS
13.29.25 COMFILING ELNIK
13.29.25 NO ERRORS
13. 29.2'j COI' ILII.!G fEC ,S.'(

13,29.25 CORFILING GA~Nl1A
13.29.25 NO ERRORS
13.29.2: COFPILING GESSJ
13. 29.26 NO ERROR'S
13. 29 .26 COIiFILING ENSL

13.29.26 No ERRORS
13.29.26 COIIFILING FILL

13.29.26 NO ERRORS.
13.29.26 COHFILIHG ECR
13.29.26 NO ERRORS
13.29.26 COMP'ILING ECR"'
13.29.26 NO ERRORS

13.29.26 1.9,14 SECONI'S COMFIL ATIOi TIME .O

13.29.26 oLL OO;E
13.29.26 LO(:iL Fl4;.F't.
13.29.27 LOAD R2.1 CYCLE L592C
13.29.37 ¢LL DO;IE
13.29.37 GO(TAF'E6 OUTPUT)
13.29.41 *,1 STOP *
13.29.41 ALL IOiE
13.29.41 LIm.,REFLACE(LIST LIST205/U'CEROBFK:KOFirIIC6rAF ('.F20';)
13.29.41 LINK FH.SE II VERSION LLINK'I(O BUILT 05/01/84 11.17.59
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13. 2?. 1 kFL..)CE(LIST20:/Li, CEROrIH.
13.2Y.41 L38829F'6. h\OE JOB 1.LINKSO 3B82
13.*29. 1 WA IT! ili FOR~ CONNEICTFli STrI US.
13.30.03 IKTHSFER r;iE0RTE1-

t 13.30.10 ;)LL IrMIE
13.*3%) . 10 L iNl~rREF'LtCE (FN11.F. liF205/JN - l:fROi iFi FII IU I'C.6i. t %'I2053
13.30. 11 LlIII FVIASE II VERSION' LLINS~O dLILT ,,'01/1)4 1i.V7,.'/
13.:so. 11 REFI ACEuIAF'20: /Ud CERO~iV
13.30.12 L3P8i3,F'6. IKOE JOB' LLIWI ,O 3LUj3
1 3.30. IS WAIIIN'G FORCUMidEC1k[I STi'00S.

13.30.36 ALL 11ONE.
13.30.36 f;FL IWI.(I!ULL vSl h~~''*~
13.30.36 1 iIi44 4

13 .3 ..10 W(.IT1NG FOR CIJNIECTELI STAILS.
13.30. 19
13.30,4I9 PFS -USER, (COEil.FFL,
13.*30.* 49
13.30.1,9 F1lF S FUFGE (COE '58/NA)

13.*30.49
13.30.49 Pl S 5 FF REQULEST COhEPLETE.
13.,30. SO ?hLL EOUIE
13. 30. 50 ilFLIlll( M'ULLtST t\AAF EI1=C6,
13.30.100JS444i4*i**.Z
13.30.'40 :***E.V'
13.30.52 WALT114G FOR COONrECTEI' STATUS.
13 .30 .*5
13 .30. 58 FTFS - USER( COEAFFI-)
13.*30.53
13.30.58 F'TFS - FURECCE5S7/NA)
13.*30.Z

*13. 30. 58 PT FS - FF REDUEST CUMPFLEIE.
13.31.00 ALL 11ONE
13.31.00 fiFL1IK(lULLST KArif.lIl)C6P
13.31.00

13.31.01 WAITI14G FOR CONIOECTELI ST,':TUS.
13.31 .08
13.31.08 PTF S - U~E ( COEAF FL v
13.31 .080
13.31.08 F' F S - PURGE(COF 56/NA)
13.31 .0a

*13.31.08 Pl FS - PF REQUEST COIIFLLIE.
13.31.09 ALL D'ONE
13.31.09 CHiF.GE.CEROEGC rCER0OIB 71 .367 SbUb
13.31.09 SYSTEMI BILLING U14ITS (S1BU) 71 36/
13.31.09 USER CP'U TIMiE (SFCS) 7.6L3-
13.31.09 SYSTEh CFPU TII;E (SECS) .3.S
13.31 .09 USER hEMhORY USAGE (FAGE*.S[CS) 12~cLU
13.31 .09 USER A.YER(:0E WCLRKIJO SET SIZE (PAGES) 2211
13.31.09 NUfiDER OF VIRTUAL SYSTEM REQUESTS i90)
13.31 .09 I4UliIER OF SMIALL PAGE FAiULTS 8j()
13.31.09 HUMEER OF h'ISI\ 1/O RECUESTS 29.
13.31.09 NUhLER OF DISK SECTORS TRANSFERRED 6 2'
13.31.10 SSCOMPLETES$
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6. Listing of Data File FINDAT1
OLDFINDATI

/LIST
SAMPLE PROBLEM

16 1 12.00 4.71229 1.00 20000
1 0 0 0 0 1 0 0 0 0
141.76 0.00 1
1 2 3 4 5 6 7 8 9 10 11 32 33 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28
29 30 31 32 33 34 35
1 2 3 4 5 6 7 8 9 10 11 12 13 14 p.

15 16 17 16 19 20 21 22 23 24 2Z 26 27 28
29 30 31 32 33 34 35 36 37 38 39 40 41 42
43 44 45 46 47 48

7. Listing of Data File FINDAT
OLDFINDAT

LIST
-8.00 0.00 8.00 -4.00 4.00 -8.00 0.00 8.00
-4.00 4.00 -8.00 0.00 8.00 -4.00 4.00 -9.00
0.00 8.00 -4.00 4.00 -8.00 0.00 8.00 -4.00
4.00 0.00 12.00 11.00 8.50 4.60 0.00 -4.60 6
-8.50 -11.10 -t2.00

-32.00 -32.00 -32.00 -28.00 -28.00 -24.00 -24.00 -24.00
-20.00 -20.00 -16.00 -16.00 -16.00 -12.00 -12.00 -8.00
-8.00 -8.00 -4.00 -4.00 0.00 0.00 0.00 4.00
4.00 8.00 0.00 4.60 8.50 11.10 12.00 11.10
8.50 4.60 0.00 "

1 2 4 2 3 5 1 4 6
4 7 6 2 7 4 2 5 7 S
5 8 7 3 9 5 6 7 9
7 8 10 6 9 11 9 12 11
7 12 9 7 10 12 10 13 12
6 13 10 11 12 14 12 13 15

11 14 16 14 17 16 12 17 14
12 15 17 15 18 17 13 18 15
16 17 19 17 18 20 16 19 21
19 22 21 17 22 it 17 20 22
20 23 22 18 23 20 35 21 34
21 22 24 22 23 25 23 27 28
21 24 34 22 25 24 23 28 25
34 24 33 24 25 26 25 28 29
24 32 33 24 26 32 25 30 26
25 29 30 26 31 32 26 30 31
•25 .25 .25 .25 .25 .25 .25 .25
.25 .25 .25 .25 .25 .25 .2525 ..
-25 .2S .25 .25 .25 .25 .25 .25
.25 .25 .25 .25 .25 -25 .23 .25
.25 .25 .25
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PART V: SUMMARY •

56. A two-dimensional finite element numerical simulation model (FINITE)

was developed that calculates wave heights under combined refraction and dif-

fraction of both long and short waves approaching structures from any arbi- 7

trary direction. The wave equation solved governs the propagation of periodic,

small amplitude surface gravity waves over a variable depth seabed of mild

slope. The efficient formulation of the model permits the solution of large

problems with relatively small time and memory storage requirements. A compu- 9

tational scheme is employed that allows the solution of practical problems

that typically require large computational grids.

57. Although the model solves an equation that is strictly valid only

for mild bathymetric variations, the model can provide reasonable answers for I

problems where there are rapid depth variations (at much lower cost than re-

* quired by three-dimensional models that are appropriate for problems involving

rapid depth variations). Comparisons are presented between the finite element

model calculations and an analytical solution, a two-dimensional numerical ,..O

solution, a three-dimensional numerical solution, and measurements from labora-

tory studies. Because the finite element FINITE does not provide a mechanism .

for energy dissipation, energy loss through wave breaking can be simulated

only by permitting waves to propagate out of the computational region. The .

program documentation, user guide, and sample problem output are provided.
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APPENDIX A: NOTATION .6

" a Wave amplitude, ft

A Numerical computational region, dimensionless

A Wave amplitude, it .

A Incident wave amplitude, ft

B Numerical computational region, dimensionless

c Wave phase velocity (g/k tanh kh) / 2 , ft/sec

c Wave group velocity (I/2c(l + G)) , ft/sec .9
g

F( ) Mathematical functional, dimensionless

g Gravitational constant, 32.174, ft/sec2

G Computational parameter (2 k h/sinh 2 kh), ft/sec

h Still-water depth, ft .

H Hankel function of the first kind, dimensionless
n
i (-1) 1/ 2 , dimensionless

k Wave number, 2n/L , 1/ft

k Incident wave number, 2n/L , ft 9..
0 0
K Symmetric complex coefficient matrix, dimensionless .-. "

L Arbitrary wavelength, ft

L Incident wavelength, ft

n Unit normal, dimensionless

nA Unit normal to the boundary separating computational regions A and
B, dimensionless

N Number of node points in the finite element discretization,
dimensionless

r Radial variables, ft

T Wave period, sec

u Two-dimensional velocity vector, ft/sec

a Constant coefficients in Hankel functions, dimensionless
n

Constant coefficients in Hankel functions, dimensionless
* n

9 Angular variable in polar coordinates, deg

Velocity potential defined by u ft2/sec
2

* B Velocity potential in region A , ft /sec
2

B Velocity potential in region B , ft /sec
2

* 01 Incident wave velocity potential, ft /sec
2

OR Reflected wave velocity potential, ft /sec

* Al

A1 .. - 4



w Angular frequency, 2n/T , /sec

v Horizontal gradient operator, dimensionless
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